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Nozoe and his co-workers reported” some 
time ago on the action of amines on 2, 4,7- 
tribromotropone (I)®. In the case of aniline 
and p-toluidine, debromination of the reaction 
products without isolating the intermediates 
afforded liquid 2-anilinotropone (picrate, m.p. 
142°C) and 2-(p-toluidino)-tropone, m.p. 108.5- 
109.5°C. The present writer followed these 
reactions and this paper describes the struc- 
ture of the brominated products, their de- 
halogenation products, and similar reactions 
in several of the related compounds. 

The reaction of 2,4, 7-tribromotropone and 
aniline or p-toluidine proceeded well in ben- 
zene, in the presence of anhydrous sodium 
acetate, as has been described before”. The 
reaction products were obtained in a good 
yield and in pure state after several recrys- 
tallizations. The anilino derivative (II a) 
melted at 196-197°C and the p-toluidino de- 
rivative (II b) melted at 196°C, both crys- 
tallizing in fine yellow needles. None of their 
possible isomers was isolated. 

The use of o-toluidine, p-bromoaniline, or 
p-nitroaniline as the anionoid reagent resulted 
jn the recovery of the starting material pos- 
‘ssibly due to the steric hindrance in the case 
of o-toluidine and to lower basicity in the 
two latter reagents. When the para-position 
was occupied by an electron-releasing group 
other than the methyl, as in p-anisidine and 
p-phenetidine, crystalline products were ob- 
tained, though in an inferior yield, under the 
same conditions, affording (II c), m.p. 182°C, 
and (II d), m.p. 172°C. 

Both (II a) and (II b) easily underwent 
hydrolysis by hot diluted ethanolic potassium 
hydroxide and afforded the same 3, 6-dibro- 
motropolone (IV, R’=OH), indicating that 
{II a) and (II b) are 2-anilino- and 2-(p-tolui- 
dino)-4, 7-dibromotropone, respectively. As 
anticipated, the rate of hydrolysis of (II a) 
was greater than that of (II b). 


1) This is part of a report presented at the Kyushu 
Local Meeting of the Chemical Society of Japan, Kuma- 
moto, December 4, 1954. 

2) T.Nozoe, Y. Kitahara, S. Masamune and K. Yama- 
guchi, Proc. Japan Acad., 28, 85 (1952); T. Nozoe, 
Y. Kitahara, T. Ando, S. Masamune and H. Abe, Sci. 
Repts. Tohoku Univ., Ser. I, 36, 166 (1952). 

3) T. Nozoe, Y. Kitahara, T. Ando and S. Masamune, 
Proc. Japan Acad., 27, 415 (1951). 


It has been shown” that the hydrolysis of 
2,4,7-tribromotropone in the presence of 
sodium acetate or the application of hydrazine 
hydrate yields a mixture (IV) and (V) of two 
kinds of dibromo compounds formed by the 
substitution of the bromine in C, or C;. In 
the present series of experiments, however, 
only the C.-substituted product was obtained. 
This was assumed to be due to the fact that 
the electron density at Cz is lower than that 
at C; by the inductive effect of the bromine 
at C, and by the resonance effect, as well as 
to the steric condition between 2, 4, 7-tribro- 
motropone and arylamines at the time of the 
reaction. In this connection, it would be in- 
teresting to study the reaction between 
2,4, 7-tribromotropone and alkylamines. 
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Catalytic debromination of (II a) and (II b) 
respectively yielded 2-anilinotropone (III a), 
m.p. 42-43°C, and 2-(p-toluidino)-tropone (III 
b), m.p. 109-110°C”. The respective picrates 
melting at 141-142°C and 117-118°C. (III a) 
dissolved in concentrated hydrochloric acid 
and perchloric acid but their salts could not 
be obtained in crystalline state. (III b) gives 
a crystalline hydrochloride of m.p. 175-180°C 
(decomp.) which was unstable in water and 
the original base was recovered on attempt- 
ing its recrystallization from water. The 
perchlorate of the p-toluidino derivative was 
obtained in two different colors, red and 
yellow crystals, both melting at 176-177°C. 

The ultraviolet absorption spectra (Fig 
1)” show that the two pairs, (II a and II b) 
and (III a and III b) have a similar struc- 
ture. The infrared spectra of these com- 


4) Ultraviolet absorption spectra were determined by 
a Beckman spectrophotometer by members (especially by 
Miss Ayako Iwanaga) of the Chemical Institute, Faculty 
of Science, Tohoku University, Sendai. 
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Fig. 1. Ultraviolet absorption spectra of 
2-anilino-4, 7-dibromotropone ( - ), 
2-anilinotropone (—-—-— ),  2-(p-tolui- 
dino)-4, 7-dibromotropone (--+--++++++- ), and 
2-(p-toluidino)-tropone (— — —). 
Solvent: methanol. 
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Fig. 2. Infrared absorption spectra of 2- 


anilino-4,7-dibromotropone (II a), 2-(p- 
toluidino)-4, 7-dibromotropone (II b), 2- 
anilinotropone (IIIa) and 2-(-toluidino)- 
tropone (IIIb). 


pounds” (Fig. 2) all show absorption in 3.08 
3.11 yw, attritutable to the N-H bond (probably 
hydrogen bonded) but no absorption corres- 
ponding to the tropone carbony! group (about 
6.16 p). 


Experimental 


2,4,7-Tribromotropone (I) .—Prepared ac- 
cording to the method of Nozoe, et al. The 
crude product, m.p. 180-182°C, was dissolved in 
benzene and passed through a chromatographic 
column of alumina. Nearly colorless needles were 


5) Infrared spectra were determined by the Perkin- 
Elmer Model 21 double-beam instrument with NaCl 
prism, Nujol mull method, by Messrs. H. Kozuma and 
K. Kawasaki, Technical Department, Minamata Factory, 
Shin Nippon Chisso Hiryo K.K., Minamata, Kumamoto. 

6) Suberone anda part of 2,4,7-tribromotropone were 
provided by the Chemica! Institute, Faculty of Science, 
Tohoku University. 
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obtained from the eluate and recrystallized from 
benzene, m.p. 182°C. It evolved a camphor-like 
odor when heated to 90°C or higher. 

2-Anilino-4,7-dibromotropone (II a).—To a 
mixture of 1.0g. of 2,4,7-tribromotropone, 0.3 g. 
of anhydrous sodium acetate, and 20g. of benzene, 
0.4 g. of aniline was added under stirring at room 
temperature. The mixture was refluxed for two 
hours. After cooling, about 200cc. of benzene 
was added to dissolve the separated crystals com- 
pletely and the benzene solution was washed suc- 
cessively with water, diluted aqueous sodium hy- 
droxide, diluted hydrochloric acid, and water. 
The filtered benzene solution was evaporated to 
dryness and the brownish residue was washed with 
a small amount of acetone. The yellow crystals 
thereby obtained, 0.85 g. (78%), were recrystallized 
three times from hot ethyl acetate to yellow 
needles, m.p. 196-197°C. Yield, ).55g. They 
were slightly soluble in cold ether, acetone, 
ethanol, and methanol. A solution of 0.50g. of 
the crude crystals dissolved in 15cc. of benzene 
was chromatographed on an alumina column. The 
initial fraction of colorless eluate afforded 10 mg. 
of 2,4,7-tribromotropone, m.p. and mixed m.p. 
with the authentic sample 182°C. Elution with 
benzene (total, 750cc.) yielded 0.47g. of yellow 
needles, m.p. 196-197°C, showing no depression on 
admixture with the sample of m.p. 196—197°C, 
obtained by the above method. Found: C, 44.22; 
H, 2.58; N, 4.16%. Calcd. for C;;HgONBrs: C, 
13.96; H, 2.56; N, 3.95%”. 

2-Anilino-4, 7-dibromotropone failed to form any 
salts with hydrogen chloride in ether, saturated 
ethanolic solution of picric, flavianic, or picrolonic 
acid, or concentrated hydrochloric acid. On re- 
fluxing with one molar equivalent of aniline in 
benzene, the starting material was recovered. 

Hydrolysis of 2-anilino-4,7-dibromotropone. 
Isolation of 3,6-dibromotropolone.—A mixture 
of 200mg. of (II a) and llcc. of N ethanolic 
potassium hydroxide solution was refluxed for 
twenty minutes after the crystals completely dis- 
solved to give a clear reddish brown solution. 
After adjusting the reaction mixture to pH 3.5 
with 2N hydrochloric acid, majority of ethanol 
was distilled off under a reduced pressure, cooled, 
10cc. of water was added to the residue, and the 
mixture was extracted several times with benzene. 
The combined benzene extract was evaporated 
under a reduced pressure and the residue was 
sublimed in vacuo (bath temperature, 110—120°C). 
The sublimate was crystallized from dilute ethanol 
or water to light yellow needles, m.p. 121-122°C. 
Yield, 70mg. Admixture with an authentic sample 
of 3,6-dibromotropolone” did not show any de- 
pression of m.p. 

The mother liquor was extracted with chloro- 
form and a second crop of crystals was obtained. 
Total yield, 85 mg. (749%). 

2-Anilinotropone (III a).—A mixture of 5g. 
of (II a) and 200 cc. of methanol was hydrogenated 
in the presence of 3g. of anhydrous sodium ace- 

7) The microanalyses were carried out at the Institute 
of Polytechnics, Osaka City University, and at the 

Pharmaceutical Department, Kumamoto University. Some 


of the nitrogen analyses were carried out by Miss K. Kato 
of Tohoku University. 
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tate and 1g. of 5% palladium-carbon. Ona every 
hour, the vessel was immersed in a hot water 
bath for ten to fifteen minutes with occasional 
shaking to dissolve the remaining crystals. After 
absorption of 2.2 mol. of hydrogen, the reactien 
was stopped, the catalyst was removed by filtra- 
tion, and the solvent was evaporated. The residue 
was extracted with benzene, the benzene layer 
was washed successively with water, diluted 
sodium hydroxide, and water, and dried over 
anhydrous sodium sulfate. Evaporation of the 
solvent under ordinary pressure left a viscous 
brown oil (yield, 1.86g. or 67%) which was ex- 
tracted several times with cold petroleum ether 
(b.p. 60-80°C). The extract was concentrated 
under reduced pressure and allowed to stand in 
an ice box for several days. Light yellow prisms, 
m.p. 42-43°C, were obtained. Yield 1.1 g. Slightly 
unstable to heat. Very easily soluble in all organic 
solvents, except petroleum ether. Presence of 
even a trace of solvent prevents crystallization. 
Found: N, 7.05%. Caled. for Cy;HyON: N, 
7.10%. 

The compound dissolved easily in hydrochloric 
acid and perchloric acid (70%), but their crystalline 
salts could not be obtained. 

Picrate.—An ethanolic solution of picric acid 
was added to the base dissolved in a minimum 
amount of ethanol and the precipitate thereby 
formed was recrystallized from ethanol containing 
a few drops of picric acid to yellowish brown, 


short pris*is, m.p. 141-142°C, which showed no . 


depression on admixture with an authentic 
sample». The picrate was resolved into com- 
ponents by chromatography through alumina and 
the base thereby recovered melted at 42°C. 

2-( p-Toluidino)-4,7-dibromotropone (II b).—A 
mixture of 10g. of 2,4,7-tribromotropone, 3.0 g. 
of anhydrous sodium acetate, 150cc. of benzene, 
and 3.75g. of p-toluidine was treated as in the 
case of aniline. The crude product (11.2g.) was 
recrystallized twice from ethyl acetate to yellow 
needles, m.p. 196°C. Yield, 8.2 g. (76.2%). Admix- 
ture with the anilino compound (II a) melted at 
175-185°C. Further purification by chromato- 
graphy through alumina failed to any other pro- 
duct. Found: C, 45.79; H, 3.06; N. 4.12%. 
Caled. for CisH;ONBre: C, 45.54; H, 3.01; N, 
3.79%. 

A residue (0.5g.) obtained from the initial re- 
crystallization mother liquor of ethyl acetate was 
dissolved in 150cc. of benzene, chromatographed 
through 20g. of alumina, and the eluate from 
100 cc. of benzene was fractionated into 20cc. 
each. Fractions 1-4 (colorless) yielded 10 mg. of 
2,4,7-tribromotropone. Fractions 8-18 (yellow) 
yielded 150 mg. of crystals melting at 195°C, alone 
and in admixture with (II b). Residual fractions 
and elution with other solvents failed to give any 
other products. 

Hydrolysis of 2-(p-toluidino)-4,7-dibromo- 
tropone.—A mixture of 100 mg. of (II b), 5cc. of 
ethanol, and 2cc. of 2N ethanolic solution of 
potassium hydroxide was refluxed for 40 minutes 
on a water bath. The crystals that separated 
out on cooling melted at 192-194°C and were 
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identified as the starting material (II b). After 
refluxing for two hours more, when the color of 
the solution turned wine-red, the solvent was 
evaporated under a reduced pressure, water was 
added to the residue, and the solution was ex- 
tracted with ether. The ether-soluble portion had 
an odor resembling that of p-toluidine. The 
aqueous alkaline layer was acidified with hydro- 
chloric acid, extracted with chloroform, and the 
solvent was evaporated from the chloroform ex- 
tract. The residual, semicrystalline mass was 
sublimed in vacuo and the sublimate was recry- 
stallized from water to slightly yellow needles, 
m.p. 120°C, alone and inadmixture with 3, 6-dibro- 
motropolone. Yield, 15 mg. 

2-(p-Toluidino)-tropone (IIT b).—This com- 
pound was obtained by the catalytic debromina- 
tion of ‘II b) (3.50g.) with 5% palladium-carbon 
and hydrogen, as in the case of the anilino analog, 
and the reaction was completed in four hours. 
Evaporation of the benzene washing yielded some 
brownish yellow prisms which were recrystallized 
from benzene and showed m.p. and mixed m.p. 
with an authentic sample» of 109-110°C. Yield, 
1.48 g. (73.7%). Found: N, 6.69%. Calcd. for 
CiyyHwON: N, 6.63%. 

Hydrochloride.—The base was dissolved in hot 
5 .N hydrochloric acid, allowed to stand over-night 
in an ice box, and the crystals that precipitated 
out were recrystallized from 5 N hydrochloric acid 
to reddish brown prisms, which softened at 120°C, 
solidified again, and decomposed at 175-180°C. The 
decomposed product solidified in the capillary tube 
when allowed to cool and melted at 108-109°C. 
On attempting to recrystallize this compound from 
water or when water was added to the hydro- 
chloric acid solution, yellow crystals precipitated 
out and were identified as (III b), m.p. 109°C. 

Perchlorate.—The base was added to cold 70% 
perchloric acid, warmed gradually, and filtered 
while warm. On cooling the filtrate, red prisms 
separated. These were recrystallized from ab- 
solute ethanol and melted at 177-178°C. Thecry- 
stals were labile in water and recrystallization 
from water yielded yellow needles which softed 
at 160°C and melted at 177-178°C. Admixture 
with the foregoing red crystals showed no de- 
pression of the m.p. When the yellow crystals 
were treated with 70% perchloric acid, the red 
crystals regenerated. (III b) was recovered from 
both crystals by ammonia and identified as its 
picrate. 

Found: (red), C, 63.92; H, 4.90% (yellow), C, 
63.47, H. 4.77%. Caled. for Cy,H,;;0N 1/2 HCIO,: 
C, 64.30; H, 5.20%. 

Picrate.—Prepared as in the case of the anilino 
compound. Yellow needles (from ethanol), m.p. 
117-118°C ; fairly soluble in ethanol. Found: C, 
54.15; H, 3.65; N, 12.53%. Caled. for CopHiOsNy: 
C, 54.55; H, 3.66; N, 12.72%. 

Other reactions.—No crystalline products were 
obtained by reaction with acetic anhydride, either 
alone or in the presence of sodium acetate (re- 
fluxed for thirty minutes), or with one to three 
mol. equivalents of hydrazine hydrate in ethanol, 
heated for one hour in a water bath. 
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2-( p-Methoxy pheny lamino)-4,7-dibromo- 
tropone (II c).—A mixture of 2.06g. of 2,4,7- 
tribromotropone and 0.74g. of jp-anisidine was 
treated as in the case of (II a) and 1.25g. (52.1%) 
of thick yellow rods were obtained. Recrystallized 
from acetone and then from ethyl acetate, m.p. 
182°C. Found: C, 43.66; H, 3.14%. Calcd. for 
Ci4Hy,O2NBre: C, 43.64; H, 2.86%. 

2-( p-Ethoxy pheny lamino)-4,7-dibromo- 
tropone (II d).—A mixture of 2.06g. of tribrom- 
tropone and an equivalent amount (0.85g.) of )p- 
phenetidine was refluxed for four hours. The 
crude product obtained was dissolved in benzene, 
passed through an alumina column, and the column 
was eluted with benzene. The combined eluates 
were evaporated and the residue was recrystal- 
lized first from acetone and then from ethanol, 
to yellowish brown needles, m.p. 172°C. Yield, 
101g. (43.5%). Found: C, 44.91; H, 2.93%. 
Calcd. for Cy;H;;02gNBre: C, 45.12; H, 3.269%. 
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The majority of the experiments reported herein 
were carried out at the Chemical Institute, Faculty 
of Science, Tohoku University, Sendai, and the 
writer takes this opportunity to express his sincere 
gratitude to Professor Tetsuo Nozoe for his kind 
guidance and encouragement throughout the 
course of this work. The writer is also indebted 
to the members of the Institute for their friendly 
cooperation and kind criticisms, and to those who 
supplied analytical data. 

The present series of studies constitute a part 
of the general research on troponoid compounds 
(Representative: Prof. T. Nozoe). Part of the 
expenses for the present work was defrayed by 
a Grant in Aid for Scientific Research provided 
by the Ministry of Education, which is gratefully 
acknowledged. 
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Polarographic Behavior of Nitroammonocarbonic Acids in Aqueous 
Media. I. Nitrourea* 


By Keiho NAmBA and Kyoichi SUZUKI 


(Received February 18, 


The principal organic compounds which 
possess NO, radicals are O-NO, compounds 
(nitric esters), C-NO.z compounds (nitro com- 
pounds) and N-NO, compounds (nitramines). 
Among these compounds, the polarographic 
behavior of C-NO, compounds, especially, of 
aromatic nitro compounds has been studied 
considerably. However, the polarographic 
study published for N-NOz compounds, e. g., 
nitramines, which have a reduction mechanism 
similar to that of C-NO, compounds, was not 
found, except in the cases of the studies on the 
electrolytic reduction of nitroguanidine to 
aminoguanidine” and on the polarographic 
analysis of cyclotrimethylenetrinitramine”’. 
Since the reduction mechanism of nitramine 
which has two N-NO, redicals is considered 
to be more complicated, we studied the polaro- 
graphic behavior of nitroammonocarbonic acid 
which has one N-NO, radical and is water 
soluble. Nitrourea was studied at the first 
stage. However, the result was so complicated 
that it was impossible to clarify the reduc- 
tion mechanism. We report here the experi- 
mental result mainly. 


* The main part of this paper was presented at the Ist 
Symposium on Polarograph on Nov. 17, 1954, Kyoto. 

1) K. Sugino and M. Yamashita, J. Chem. Soc., Japan, 
70, 73 (1949). 

2) W.H. Jones, J. Am. Chem. Soc., 76, 834 (1954). 
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Experimental 


Nitrourea, prepared through the dehydration of 
urea nitrate by concentrated sulfuric acid» below 
0°C and purified by recrystallizations from water 
and afterwards from aceton, had m.p. 155°C 
(decomp.) (Found: N, 39.97. Calcd. for CH;N;03: 
N, 40.00%). 

The buffer solutions used as the supporting 
electrolyte are as follows; 


pH range Buffer solution 
1.0....4.7 Walpole (1IN—HCI & 
1N—CH;COONa). 
5.2....8.0 Sgrensen (M/15—KHePO, & 
M/15—NazHPO,). 
8.0....9.0 ” (mM/20—Borax & 
N/10— HCl). 
O:2....126 ” (m/20—Borax & 
N/10— NaOH). 


The concentration of sample, temperature, sen- 
sitivity of galvanometer and the corrected value 
of shunt, were 1~5x10-*mol./l., 25.0+0.1°C, 
1.49x10-9 amp./mm./m. and 1: 95.7, respectively. 
The oxygen gas solved in sample solution was 
removed by the bubbling stream of purified nitro- 
gen gas, at the rate of 2~3cc./sec. for twenty 
minutes, The Heyrovsky-Shikata type polaro- 
graph apparatus produced by Yanagimoto Manuf. 
Co. was used and every polarogram was takem 


3) T.L. Davis, ‘‘The Chemistry of Powder and Ex- 
plosives”’, John Wiley and Sons, Inc., New York, N. Y 
(1943), p, 373. 
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within thirty minutes after the preparation of the 
sample solution. 


Experimental Results and Discussion 


1) Effects of pH upon the Half-Wave 
Potential (E,.) and the Limiting Current 
(iz). —The polarographic waves of nitrourea at 
various pH are shown in Fig. 1. 





0 -04 -08 -I2 
Fig. 1. Polarograms of 1x10-* mol./I. 


Nitrourea. 


Relationships of pH-E,/2 (vs. S.C.E.) and 
of pH-i; are shown in Fig. 2 and Fig. 3, 








eT2 Cen SCT eee 2 13 14 pH 
Fig. 2. Relationship between pH and Ey;,;2 
(vs. S.C. E.) 
O (a) and (a’) waves 


@® ——(b) wave 
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respectively. The polarographic waves of 
urea and urea nitrate are not found at any 
pH under the same condition. It is evident 
that the above reduction waves are those of 
N-NO, radical. The wave symbolized as the 
(a) wave at pH 1-3, is the stable wave, and 
the relationship between concentration and 2; 
is linear over the range 1-10x10- mol./l.. 


4) K. Namba and K. Sazuki,*Journal of the Industrial 
Explosives Society, Japan, 15 171. (1954). 
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Fig. 3. Relationship between pH and fet 
(conc. 1X 107-* mol./1.) 


The (a’) wave, appeared above pH 3, decreases. 
in its height. The double waves, (a’) and 
(b), appear above pH 7. Since the Ej, of 
(b) wave shifts considerably to the reduction 
potential of supporting electrolyte, it is pre- 
sumed the polarogram below pH 7 is single 
wave in its appearance. After the (a’) wave 
vanishes completely, the trace of (b) wave 
and the growing (c) wave exist around pH 9. 
The triple waves are found in range of pH 
7.7-8.5. These are considered to be similar 
to the split polarographic waves reported in 
the studies of maleic and fumalic acids”. 
Only the (c) wave exists above pH 9.3 stably. 

2) Effects of the Height of Mercury 
Reservoir and of Temperature upon the 
Limiting Current.—Table I represents the 


TABLE I 
DEPENDENCE OF THE EFFECTIVE HEIGHT 
OF MERCURY RESERVOIR ON THE LIMITING 
CURRENT OF 1X10-*mol./l. NITROUREA 
TEMPERATURE: 25°C 
pH 1.04 pH 5.10 pH 7.01 


lets WY2 iy yf ig inf? iy [A 
cm. pa. pa. ya. 

57 7.55 3.07 0.41 2.16 0.29 2.12 0.28 
47 «6.86 1.91 0.28 

37 6.08 2.50 0.41 1.69 0.28 1.74 0.29 
32 5.66 2.30 0.41 

27 =—«-5.20 2.02 0.39 1.47 0.28 1.39 0.27 
22 4.69 1.91 0.41 1.22 0.26 1.23 0.26 
17.5 4.18 1.12 0.27 1.04 0.25 
15.5 3.94 1.70 0.43 


relationship between the effective height of 
mercury reservoir, herr, and the limiting cur- 
rent. 


5) P.J. Elving and I. Rosenthal, Anal. Chem., 26, 1454 
(1954). 
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pH 7.99 


(a) (b) (c) 


het Wintel iki 


cm. pa. ua. pa. 


.95 0.545 0.072 0.650 0.086 0.437 


o4 


“NJ 


17 6.86 0.509 0.074 0.562 0.082 0.437 
37 6.08 0.481 0.079 0.495 0.081 0. 408 
32 5.66 0.452 0.080 0.437 0.077 0.437 


27 5.20 0.422 0.081 0.373 0.072 0.437 
169 0.399 0.085 0.335 0.072 0.408 
1.12 0.378 0.092 0.282 0.069 0.408 


€ 


~ 


2 
] 


= 4G 


The fact that the limiting current at pH 
1.05, 5.10 and 10.68 are proportional to h'” 
means that these currents are controlled by 
the diffusion process; whilst the limiting 
current of the split polarographic wave such 
as the (c) wave at pH 7.99 is independent 
of the effective height of the mercurry reser- 
voir, i.e., it can be concluded that the limiting 
current of the split wave shows the charac- 
teristics of kinetic current. 

The relationships between the temperature 
and the limiting current at pH 2.20 and 5.20 
is shown in Table II. Since the decomposi- 
tion of nitrourea is acceralated in proportion 


TABLE II 
INFLUENCE OF THE TEMPERATURE ON THE 
LIMITING CURRENT OF _ 1X10~* mol./l. 
NITROUREA 


pH 2.20 pH 5.20 
t. C tga. Temp. coeff.. % t. “C sz ma. 
22.8 2. 28- 26. 4 2.15 
26.7 2. 42 pe | 2.42 
36.3 2.78 av. 1.20 14.0 , a 
15.0 3. 08 51.9 1.98 


54.7 3. 44- 


to the increase of both temperature and pH, 
particularly in alkaline’, it is impossible to 
obtain the above relationship except in the 
case of comparatively strong acidic media 
where nitrourea is actually stable. 

The temperature coefficient of the limiting 
current is about 1.30% per degree at pH 2.20 
and it is almost equal to that of the diffusion 
current. At pH 5.20, it was impossible to 
account for the temperature coefficient in sake 
of the decomposition which induced the 
decrease of height in the limiting current 
despite the increase of temperature. 

3) Calculation of the Electron Number 
for Reduction (#).—Since the reduction pro- 
cess of nitrourea in alkaline media seems to 
be kinetically controlled, it is not reasonable 
to calculate m in such a region, by assuming 
a proper diffusion coefficient (D) in the Ilkovic 
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equation. Therefore, we only calculated x 
in the range of pH 1-3, where nitrourea is 
considered stable. We could not find out the 
proper value of the anion such as NH,-CO- 
NH-COO-, the molecular size and weight of 
which are almost similar to those of nitrourea. 
The anion we chose was that of malonamic 
acid, NH,-CO-CH,-COO-, whose electroconduc- 
tivity in infinite dilution was 35.5 2-'cm?”. 
Inserting this value into the equation: D)= 
2.67 X 10-7 A;"/Z cm? sec-'! (where A,” is the 
electroconductivity of ion in infinite dilution 
and the ionic value of ionized substance (Z) 
is 1), we obtained 9.49x10-° cm? sec™' for the 
Dy value. The calculated m’s through this 
method, were 5.25 and 5.22 at pH 1.04 and 
3.05, respectively (where m?/* is 1.98 mg./sec. 
and t'’® are 1.20 sec. in both cases). 

Assuming the mechanism of reduction of 
nitrourea with five electrons, we must sup- 
pose the tetrazane compound such as that 
shown in the following formula 

2NH.-CO-NH-NO,+10H*++10e 

= NH.-CO-NH-NH-NH-NH-CO-NH,+4H,O 

However, such tetrazane compound would be 
too unstable to exist. Further investigation 
on this problem by means of another direct 
method such as the controlled potential elec- 
trolysis will be necessary. 


Summary 


1) The relationship of pH-E,/2 (vs. S.C.E.) 
and of pH-z, of nitrourea under the dropping 
mercury electrode was studied. 

2) It is presumed from the experiment on 
the effect of the effective height of the mer- 
cury reservoir and of temperature upon i; 
that z, will follow the diffusion law in acidic 
solution. 

3) The electron number consumed for re- 
duction was calculated by assuming the 
diffusion coefficient. 


The authors wish to express their sincere 
thanks to Prof. I. Tachi, Mr. M. Suzuki and 
Mr. S. Koide, Faculty of Agriculture, Uni- 
versity of Kyoto, for their kind discussions. 
The authors also express their sincere thanks 
to Prof. S. Yamamoto, Faculty of Engineer- 
ing, University of Tokyo, for his encourage- 
ment and to Mr. T. Yamashita, Laboratory 
of Explosives, University of Tokyo, for his 
suggestion. 

Laboratory of Explosives, Faculty of 


Engineering, University of Tokyo, 
Tokyo 
6) Rando!t- Bornstein, ‘* Physikalisch - Chemische, 
Tabellen’’, Eg. III, Verlag von Julius Springer, Berlin 
(1936), S. 2044, 
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Polarographic Behavior of Nitroammonocarbonic Acids in Aqueous 
Media. II. Nitroguanidine: 


By Keiho NAMBA and Kyoichi SuzukI 


(Received February 18, 1955) 


In the preceding paper ”, the polarographic 
behavior of nitrourea in aqueous media was 
reported. We extended this study to the 
behavior of nitroguanidine, and obtained 
complicated results in this case as well as in 
the case of nitrourea. This report mainly 
consists of the experimental results. 


Experimental 

The experimental method was described in Part 
I. Nitroguanidine, prepared through the dehydra- 
tion of guanidine nitrate in concentrated sulfuric 
acid?) and purified by recrystallization from water 
several times, was composed of colourless needles, 
m.p., 230°C (decomp.) (Found: N, 53.85. Caled. for 
CH,yN,O.: N, 53.859). 


Experimental Results and Discussion 


1) Effects of pH upon the Half-Wave 
Potential (£,/-2) and the Limiting Current 
(i,).—Polarographic waves at various pH are 
reproduced in Fig. 1. The relationship of 


biban? 


all 





-0.2 -06 -1.0 -14 “18 22 E weit 
Fig. 1. Polarograms of 1x10-* mol./1. 
Nitroguanidine. 


pH-E,/2 (vs. S.C.E.) and of pH-é is shown 
in Figs. 2 and 3, respectively. From these 
data, we can make the following summary: 


a) in range of double wave: 


pH 0-3 (a) and (b) waves 
b) in range of single wave: 

pH 4-5 (c) wave 
c) in range of double wave: 

pH 5.6-8 (c’) and (d’) waves 
d) above single wave: 


pH 9.3 (d) wave 


* The main part of this paper was presented at the Ist 
Symposium on Polarograph on Nov. 17, 1954, Kyoto. 

1) K. Namba and K. Suzuki, This Bulletin, 28, 620 
(1955). 
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Fig. 2. Nitroguanidine: Relationship be- 
tween pH and Eye (vs. S.C.E.) 
Species of buffer solution 


O Wolpole (1N-HCI & 1N-CH;COONa) 
Kolthoff (M/10-Citric Acid & M/5- 


NazHPO,) 

@© Serensen (M/15-KH2PO, & M/I15- 
NazHPO,) 

-O- Kolthoff (M/20-Borax & M/10- 
K H2PO,) 


Sgrensen (M/20-Borax & N/10-HCl) 
4A Sorensen (M/20-Borax & N/10-NaOH* 





o 23 4 5 6 7 8 9 WH 2 13 4 pH 


Fig. 3. Nitroguanidine: Relationship be- 
tween pH and 7; (conc. 1X 10-* mol./1.) 





2) T.L. Davis, ‘‘The Chemistry of Powder and Ex- 
plosives"’, John Wiley and Sons, Inc., New York, N. Y.. 
(1943), p. 380. 
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Whether the wave is single or double in 
its shape depended upon the species of buffer 
solution as found in the range of pH 4-5 
and at pH 9 in Fig. 2. The single wave 
obtained in the range of pH 4-5 in the 
Walpole solution will be the duplicated wave 
of the lst and 2nd waves, due to the vicinity 
of reduction potential for both waves, while 
the total value of z of the double wave in 
acidic media is almost the same. When we 
examined the polarogram of guanidine nitrate 
under the same condition, no reduction wave 
was found. From this fact, all reduction 
waves found are considered to be those of 
N-NO, radical. 

In the previous paper®, we examined the 
influence of concentration upon the limiting 
current and of temperature on the stability. 
A linear relationship between the limiting 
current and concentration was obtained over 
the concentration range of 1-10 x 10 mol./I. in 
acidic media, where the nitroguanidine was 
stable. 

2) Effects of the Height of Mercury 
Reservoir and of Temperature upon the 
Limiting Current.—Table I represents the 
relationship between the effective height of 
mercury reservoir, Aerts, and the limiting cur- 
rent. 


TABLE I 
DEPENDENCE OF THE EFFECTIVE HEIGHT OF 
MERCURY RESERVOIR ON THE LIMITING CUR- 
RENT OF 1107‘ mol./l. NITROGUANIDINE 
Temperature 25°C 


pH 1.05 pH 3.49 
(a) (b) (c) 
heit hii? ie tof iy ih oi ih? 
cm. ma. pa. ma. 
57 7.55 1.80 2.38 1.25 1.66 3.47 4.60 
47 6.86 1.63 2.38 1.02 1.49 3.04 4.43 
aw 6.08 1.48 2.43 0.86 1.41 2.94 4.83 
27 a20 2:2 2.40 6.71 1.357 2.2 ES 
22 4.69 1.11 2.37 0.67 1.43 2.10 4.48 
17.5 4.18 1.02 2.44 0.61 1.46 1.82 4.36 
pH 5.10 
(c’) (d’) 

het hil? it ip/hi2 in in/hi?2 

cm. jaa. pia. 

57 7.20 1. 69 2.24 1.74 2.31 

47 6. 86 1. 48 2.16 1. 48 2.16 

37 6. 08 1.30 2.14 1.32 2.174 

27 5. 20 1.05 2.02 1.09 2.10 

22 4.69 0. 96 2.05 1.02 2.18 

17.5 4.18 0. 82 1. 96 0.91 2.18 


3) K. Namba and K. Suzuki, Journal of the Industrial 
Explosives Society, Japan, 15, 171 (1954). 
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pH 7.01 pH 9.30 
(c’) (a’) (d) 

hett ae ip tofh2 ty ate/hh oty ty /h? 
cm. ya. ya. wa. 
57 7.55 1.50 1.99 1.58 2.09 2.65 3.51 
47 6.36 1:39 2.638 1.04 2.177 20 33% 
37 6.08 1.21 1.99 1.27 2.09 1.98 3.26 
27 5.20 1:06 1.9 LL. 2.13 L738 3.3 
22 4.69 0.93 1.98 1.00 2.14 1.55 3.31 
17.0 4.12 0.77 1.87 @.9 2:18 1.3: 3138 


The fact that the limiting current at pH 
1.05, 3.49, 5.10, 7.01 and 9.30 are proportional 
to h'/? means that these currents are con- 
trolled by the diffusion process. 

The relationships between the temperature 
and the limiting current at pH 2.20, 5.05, 8.16 
and 10.82 are shown in Table II. 


TABLE II 
INFLUENCE OF THE TEMPERATURE ON THE 


LIMITING CURRENT OF 1x 1074 mol. /l. 
NITROGUAN IDINE 
pH 2.20 
(a) (b) 
t. iz, pa. Temp. iy wa. Temp. 
coeff., % coeff., % 
26. 2 1. 22- 1.17- 
35.8 1. 42 Ls 
avi 1.1 i 1G 
as Sate Ogg | OO 
53.9 1. 86- 1. 62- 
pH 5.05 
(c’) / (d’) 
‘. iz, wa. Temp. iz, pa. Temp. 
coeff., % coeff., % 
22.5 1. 41-, 1. 03- 
35.0 1. 65 1.38 
av. 1.47 av. 2.0° 
as 20);°** ua 
54.2 2. 23- 1. 85- 
pH 8.16 
(c’) (d’) 
i © iz, pa. Temp. iz, wa. Temp. 
coeff., % coeff., % 
26.7 1. 41- 0.51- 
36. 0 1.60 0. 64 
av. 1.32 av...1.7 
“as tei” cn | ee 
52.6 1. 93- 0. 80- 
pH 10.82 
a & it, pa. Temp. coeff., % 
26.0 2. 42 
20. 1 2. 40 1.45 
43.0 2.83 2.50 
53.2 2.96 4.50 


The temperature coefficient of (a) wave at 
pH 2.20 was comparatively less than those 
of other waves. In acidic and neutral! solu- 


e at 
hose 
solu- 
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tion, since we obtained reasonable values in 
the temperature coefficient, the limiting cur- 
rent seems to follow the diffusion law. How- 
ever, at pH 10.82, as shown in Table II, the 
above value increases in proportion to tem- 
perature, acceleratively, and the limiting 
current at lower temperature seems to be 
controlled kinetically. It is easily assumed 
that a slight decomposition® will exist above 


In acidic media: 
NH 


(a) and(c’) 2NH»-C-NH-NO.+6H*++6e 


NH 


From the above results, the calculated x 
was three for the lst and 2nd wave at pH 
1.65 and 5.63, respectively, and five at pH 
10.7. 

Assuming the mechanism of reduction of 
nitroguanidine with three electrons in acidic 
media, and with five electrons in alkaline 
media, we must imagine tetrazene compounds 
such as those shown in the following formula. 


NH 


=NH2-C-NH-N: N-NH-C-NH,+3H,0 


NH NH 


0 


(b) and (d’) NH»-C-NH-N: N-NH-C-NH»+6H+t+6e 


O NH 


=2NH2-C-NH-NH2+H:O 


In aikaline media: 
NH 


(d) 2NH2-C-NH-NO2+10H* + 10e 


NH 


NH 


=NH,-C-NH-N: N-NH-C-NH2+4H,O 


45°C through the character of nitroguanidine. 

3) Calculation of the Electron Number - 
for Reduction (2).—We could not find out 
the proper value of diffusion coefficient of 
anion such as M?>C=N-COO-, whose molec- 
ular size and weight are almost similar to 
those of nitroguanidine. We chose anion of 
malonamic acid as the most adequate anion 
as we did in the case of nitrourea’, the 
diffusion coefficient of which was estimated 
to be 9.49x10-cm? sec~'. The calculated 
value of m by this method, wa, was 2.64 for 
the lst and 2.80 for the 2nd wave at pH 1.65, 
3.08 for the lst and 2.89 for the 2nd wave 
at pH 5.63 and 4.74 at pH 10.7. 

From the application form of Stokes- 
Einstein’s equation”, by using the value of 
true density of nitroguanidine which was 
estimated to be 1.78, we obtained 8.55 x 10° 
cm? sec-! as the D value. The calculated 
mp by this method was 2.78 for the 1st and 
2.96 for the 2nd wave at pH 1.65, 3.25 for 
the Ist and 3.20 for the 2nd wave at pH 5.63, 
and 5.00 at pH 10.7. 

The total height of the Ist and 2nd wave 
in acidic solution is almost constant as was 
found in Fig. 3. It is also found that the 
total height in alkaline was less than in 
acidic. Since the (d) wave shown in Fig. 2 
is completely different from the (a), (b), (c), 
(c’) and (d’) waves, the reduction mechanism 
of (d) wave must be considered in another 
aspect. 


4) I.M. Kolthoff and J.J. Lingane, ‘‘ Polarography ”’ 
Interscience Publishers, New York, N. Y., (1952), p. 57. 
5) W.C. McCrone, Anal. Chem., 23, 205 (1951). 


However, such a tetrazene compound would 
be too unstable to exist, though one such 
tetrazene compound, the so-called “ Tetra- 
cene”’, prepared by the interaction of amino- 
guanidine nitrate with natrium nitrite in 
neutral media, was used as initiators. Further 
investigation on this problem by another 
method will be necessary. 


Summary 


1) The relationships of pH-E,,/2 (vs. S.C.E.) 
and of pH-z of. nitroguanidine under the 
dropping mercury electrode were studied. 

2) From results about the influence of 
the effective height of mercury reservior and 
temperature upon z,, it was found that 7 
will follow the diffusion law, and that the 
Ilkovic equation is applicable in this case. 

3) Although the electron number consumed 
for reduction (”) was calculated by assuming 
a diffusion coefficient these were insufficient 
in discussion of reduction mechanism. Fur- 
ther investigation will be necessary. 


The author wish to express their sincere 
thanks to Prof. I. Tachi, Mr. M. Suzuki and 
Mr. S. Koide, Faculty of Agriculture, Uni- 
versity of Kyoto, for their kind discussions. 
The author also express their sincere thanks 
to Prof. S. Yamamoto, Faculty of Engineering, 
University of Tokyo, for his encouragement 
and to Mr. T. Yamashita, Laboratory of 
Explosives, University of Tokyo, for his 
suggestion. 
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On the Relation between the Hydrogen Overpotential and the Magnetic 
Susceptibility of Copper-Nickel Alloys” 


By Mitsuru OIKAWA 


(Received April 21, 1955) 


overpotential without much anxiety about 





Introduction 


In the case of the catalytic hydrogen elec- 
trode reactions, the present author paid special 
consideration to the influences of the two chief 
factors governing the general catalytic reac- 
tions, one of which is the so-called “‘ geomet- 
ric factor” and the other the “electronic 
factor.” About the former the present author 
and Mukaibo previously discussed’ the ex- 
periments on the variation of the slope of 
the Tafel line due to the steric hindrance 
caused by the adsorbed organic catalytic 
poisons. 

It is the object of the present paper to 
explain how the latter-the “electronic factor ”- 
has influences upon the catalytic electrode 
reaction. 

Now, according to Couper and Eley*® the 
metal d-orbital may be expected to give 
a stronger bond to a hydrogen atom than 
an s-orbital. On this standpoint, if the re- 
combination process between two hydrogen 
atoms on the metal surface is the rate deter- 
mining step of the hydrogen electrode reac- 
tion, it is reasonable to assume that the 
change of the adsorption energy of hydrogen 
atoms caused by the change of the electronic 
structure of d-band of the metal has a great 
effect upon the rate of the above reaction. 


For this reason we can expect for the series 
of binary solid solutions containing one of 
the elements of the eighth group together 
with one of those of the first group, that the 
hydrogen overpotential depends largely on 
the number of holes in the d-bands of the 
alloy. 

Since the values of the lattice constants 
of copper and nickel are very much alike 
and moreover nickel-copper alloys form a 
face-centred cubic lattice with no superstruc- 
ture for any compositions, by selecting such 
alloys we are able to observe the effect of 
the “electronic factor” on the hydrogen 


® This paper was read at the discussion meeting of 
the Chemical Society of Japan and the Electrochemical 
Society of Japan on November 19, 1954. 

1) M. Oikawa and T. Mukaibo, J. Electrochem. Soc., 
Japan, 20, 568 (1952). 

2) T. Mukaibo and M. Oikawa, Bull. Chem. Soc. 
Japan, 26, 524 (1953). 

3) Couper and Eley, Nature, 164, 578 (1949). 


that of the “ geometric factor.” 


Experimental Procedures 


Hydrogen Overpotential 

Apparatus.—The cell for the measurement of 
the hydrogen overpotential was divided into three 
rooms separated from each other by diaphragms 
of glass filter. The sample alloy cathode, having 
an available area of approximately 4.9cm?, was 
placed between two auxiliary platinum electrodes. 
in the middle room. Hydrogen purified by passing 
over heated palladium asbestos was_ bubbled 
through the apparatus during measurements for 
removing air and oxygen. The alloy cathode 
was attached to the end of a glass tube and could 
be easily replaced. The tip of a fine capillary 
tube connected with the reference saturated 
calomel electrode was kept constantly at 1.0mm. 
distance from the test cathode, so as to keep the 
ohmic fall of voltage involved in the measurement 
at a given current constant. 

Materials.—<As for the electrolyte normal sul- 
phuric acid, saturated with hydrogen, was used 
during the experiments, which was produced from 
G. R. sulphuric acid and redistilled water. 

Four nickel-copper alloys, which covered the 
whole composition range at 15-25% intervals 
together with the pure metals, were prepared by 
electrolytically refined nickel and copper; these 
alloys and the pure metals were rolled into sheets. 
of 0.097 cm. thickness and were annealed at 900°C 
to remove strain. The Debye Scherrer rings of 
the needle samples polished out from the alloys 
were taken and it was observed that the measured 
lattice parameter-composition relationship does 
not depart from the Vegard’s law appreciably as 
shown in Fig. 1. This shows the complete homo- 
geneity of the composition of alloys. 





A 
3.60 
= 356 
° 
12) 
= 352 
Cu 20 40 60 80 Ni 
Atomic % Ni 
Fig. 1. The lattice constants of nickel 
copper alloys. (Verification to the- 
Vegards law. ------ ) 
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Procedure.—It is most important to find a 
measuring method of the Tafel line which is 
satisfactorily reproducible. Prior to taking the 
data the present author tried the following two 
ways. 

(1) The potential, whether constant or not, was 
measured one minute after the adjustment of the 
current. This method was rapid but the slope 
of the obtained Tafel line was rather abnormally 
Jarge and could not be relied upon. 

(2) The cathode was prepolarized at the cur- 
rent density of 1.1x10-* amp./cm? and continued 
until a steady potential value was attanined, 
usually after 1-3hr. Steady potentials at the 
higher current densities were then measured 
within a few minutes after adjustment of current. 

In the present work, method (2) was employed 
and found to give reproducible and reasonable 
y-log c.d. plots. 

Thermoelectric Power 

The thermoelectric power of the alloy ribbon 
cut out from the sample was measured by a 
student type potentiometer. In each case the 
test sample was welded to a pure copper wire 
and the thermal e.m.f. was taken at temperature 
range between minus 40 to plus 90°C under the 
basis of a Standard Chromel-Alumel thermocouple. 

The two such junctions, the temperatures of 
which were fixed one at. minus 40°C and the other 
at plus 90°C, were suspended in two glass tubes, 
one of which was dipped in Dewar’s vessel filled 


up with ethyl alcohol saturated with dry-ice for | 


the cold junction and the other in boiling water 
for the hot junction. 

Magnetic Susceptibilities 

The magnetic susceptibilities of nickel-copper 
alloys were determined by the inductance method, 
—the change of induction of a coil when the test 
piece was placed in the coil was measured by a 
flux meter. To eliminate the effect of oxygen, 
the alloy plates,—the section of which were made 
10mm. x0.95 mm.—, were previously annealed at 
300°C in pure hydrogen, followed by sufficient 
outgassing at the same temperature. 


Results 


Thermoelectric Power s.—As shown in 
Fig. 2. the homogeneity of composition of 
these nickel-copper alloys was satisfactorily 


= 


x) 


Thermoelectric power 


2) ) 60 40 } 
Cy 2 40 - 
Atomic % Ni 
Fig. 2. Thermoelectric power s, in milli- 
volts, of nickel copper alloys, at —140~ 
+95°C, against pure copper. 


checked by the values of thermoelectric power 
s. If copper is added to nickel, the positive 
holes in the d-band are partially filled up, 
consequently the energy density of d-electron 
levels, will rapidly decrease with the increas- 
ing composition of copper and as in Fig. 2. 
s will become larger gradually until about 
60 per cent composition of copper is reached, 
when the positive holes are all full. We 
should then expect® s to drop rapidly to a 


-value comparable with that of copper, as the 


signs of s for nickel and copper are opposite 
to each other. 

Magnetic Susceptibilities of Alloys.—Ac- 
cording to the theory of solid’? the number 
of positive holes in the d-band of transition 
metals is equal to the saturation moment in 
Bohr magnetons. For this reason we are 
able to represent the number of positive holes 
by the value of the Bohr magneton. The 
magnetic susceptibilities of these alloys were 
obtained by the inductance method and are 
shown in Fig. 3. The point x in Fig. 3. 


Bohr magneton 


> 


Magnetic susceptibility 





60 80 Ni 


Atomic % Ni 
Fig. 3. The quenching of the magnetiza- 
tion of nickel by the addition of copper. 


shows the experimental result agreeing with 
theoretical assumption®? mentioning that in 
nickel there are about 9.4 electrons in the 
d-band (giving 0.6 holes, the vacant d-orbitals) 
and 0.6 electrons in the s-band. By alloying 
nickel with approximately 60 atomic per cent. 
of copper the d-band is filled with electrons 
completely as the copper atom contains one 
electron more than the nickel atom. 

Overpotential-log (Current Density) Rela- 
tion.—1. Reproducibility—-The mean devia- 
tion from the mean value over the whole 
series of the experiment is 0.01 V. 

4) Mott and Jones, ‘‘ The theory of the properties of 

metals and alloys,’’ London, (193€) p. 314. 


8) Mott and Jones, ‘‘ The theory of the properties of 
metals and alloys,’’ London (1936). 
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2. The plot of over potential against log 
(c.d.) is linear for all alloys. The mean value 
of b, the inclination of Tafel line, is about 
0.11 for nickel rich alloys and 0.094 for 
copper rich alloys. These values and those 


Overvoltage 





log i (amp. /cm?) 


Fig. 4. Hydrogen overpotential on nickel 
copper alioys in N Hz2SQ,_ solution. 
Variation with alloy composition. 


a: 100% Ni d: 27% Ni 
b: 75% Ni e: 15% Ni 
c: 48% Ni f: pure copper 


of the Tafel constant a, which were obtained 
in the present work, almost agree with the 
results of Hillson®, Bockris® and Wetter- 
holm”. 


Discussion 


In any attempts to apply the theories of 
solid to catalitic reaction, it is easiest to 
assume, in the first instance, that the elec- 
tronic structures of the bulk metal persist 
unchanged into the surface layer where 
catalysis occurs. 

Now the metal d-orbital would be expected 
to give a stronger bond to a hydrogen atom 
than an s-orbital because of®* (a) its lower 
energy, (b) a possible greater overlapping 
with the s-electron of the H-atom. Moreover, 
according to the simplest Bloch-type picture 
of metals, which is chiefly due to Mott and 
Jones*, it is supposed that in nickel-copper 
alloys the added copper atom passes its elect- 
ron into the d-band of the nickel, because of 
the higher density of energy levels in this 
band, compared with that of the overlapping 
s-band as shown in Fig. 5. 

Then, for nickel-copper alloys, we can except 
that the adsorption energy of the hydrogen 


5) P.J., Hiilson, Trans. Farad. Soc., 48, 462 (1952). 
6) J.O.M. Bockris, Trans. Farad. Soc., 43, 417 (1947). 
7) A. Wetterholm, Trans. Farad. Soc., 45, 861 (1949). 
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4s 


Density of electron levels per 
unit volume 


Metal electron energy € 
Fig. 5. The energy density of the s- and 
d-bands in nickel. 
The shaded regions represent the 
levels that are filled by electrons. 


atom decreases with the increasing composi- 
tion of copper. For this reason, in the cataly- 
tic hydrogen electrode reaction as in the 
case of nickel”, the richer the composition of 
copper in the alloy becomes the greater 
becomes the free energy forming the activated 
complex in the combination reaction between 
the two hydrogen atoms'™ and so the hydro- 
gen overpotential becomes higher. 

Fig. 6. shows the rate of hydrogen electrode 


t 


d.) 


reaction (log c. 


to 
Magnetic Susceptibility 
(Bohr Magneton) 





electrode 





Cu 20 40 60 80 Ni 
Atomic % of nickel 
Fig. 6. Rate of hydrogen electrode reac- 
tion at the definite hydrogen overpoten- 
tial, 0.42 volts, as a function of alloy 
composition. 


Difference of the rate of hydrogen 


The broken line (—-—-) denotes the 
magnetic susceptibility in Bohr Magne- 
ton units. 


reaction at the definite hydrogen overpotential, 
0.42 volts, as a function of alloy composition. 
The broken line denotes the feromagnetic 
susceptibility, or the number of positive holes. 
As expected, the rate of hydrogen electrode 
9) J. Horiuti, G. Okamoto and K. Hirota, Sci. Papers 
Inst. Phys. Chem. Res., (Tokyo), 29, 223 (1936). 


10) Glasstone, Laidler and Eyring, ‘‘ The Theory of 
Rate Processes,’’ (1941). 
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reaction decreases with the increasing com- 
position of copper until about 60 atomic per 
cent. composition of Cu is reached, when the 
positive holes are all full as denoted by point 
x. Then the reaction velocity approaches 
abruptly to that of copper as the energy of 
adsorption falls down to that of pure copper 
owing to the extinction of positive holes. 


Summary and Conclusion 


Experiments were carried out on the rela- 
tion between the hydrogen overpotential and 
the electronic structure of nickel-copper al- 
loys. 

We can classify these alloys into two 
groups, depending upon whether or not they 
contain more nickel than 60 atomic per cent., 
that is whether they have positive holes or 
not in their d-band. 
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The hydrogen overpotential of nickel rich 
alloys (more than 60 atomic percentages 
of nickel) is rather low because of their small 
activation energy caused by the large adsorp- 
tion energy due to the strong bond between 
metal d-orbital and H-atom. For copper 
rich alloys the hydrogen overpotentials are 
high and are almost identical owing to the 
extinction of positive holes. 


The author wishes to express his heart- 
felt thanks to Assistant Prof. T. Mukaibo, 
Tokyo University, for his kind advice and 
encouragement. 


Laboratory of Applied Electrochemistry, 
and Photochemistry, Faculty of 
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On the Mucilage of Nori-utsugi 


Plant, Hydrangea Paniculata, Sieb. (1)” 


By Seishi MACHIDA and Mitsumasa INANO 


(Received May 6, 1955) 


Introduction 


Nori-utsugi (Hydrangea paniculata, Sieb.), 
a species of Saxifragaceae, is a wild shrub 
growing widely in Japan. It contains a great 
amount of mucilage in the inner bark. The 
mucilagenous solution extracted from it with 
water, like that of the Tororo-aoi plant (Abel- 
moschus Manihot, Medic.), has been commonly 
used for the traditional paper-marking in 
Japan from olden times. In some cases the 
solution is said to have rather better proper- 
ties than that of the Tororo-aoi plant, since 
the viscosity of the solution is not so easily 
decreased by stirring or heating. That is, 
the solution is suitable for paper-making in 
summer. These properties are due not only 
to the dispersing condition or molecular shape 
of the mucilage in the solution, but also to 
the chemical structure of the mucilage. 

As the mucilage of the Tororo-aoi plant 
has been chemically studied in detail by the 








1) Part V: S. Machida and N. Uchino, J. Chem. Soc. 
Japan, 74, 615 (1953). Works on this subject are re- 
viewed by S. Machida and N. Uchino in ‘‘A Summary 
of Chemical Studies on Polyuronides Part I., ‘‘ Budi. of 
the Faculty of Textile Fibers, Kyoto Univ. of Ind. 
Arts & Text. Fibers, 1, 116 (1954), written in English. 

2) Read at the Ordinary Meeting of the Kinki Branch 
of the Chemical Society of Japan on May29, 1954. 


authors”, the chemical structure of that of 
the Nori-utsugi plant was studied for pur- 
poses of comparison with it. 

Formerly, Sawamura® found that the muci- 
lage is a kind of polysaccharide, and Hara” 
showed that it is a galactoaraban. Komatsu” 
reported galactose, arabinose and rhamnose 
among the component sugars. 

But the authors presumed that the muci- 
lage is a polyuronide, seeing that the muci- 
lagenous solution has very high viscosity 
and thread-forming ability even in low con- 
centration. The chemical structure of the 
polyuronide was also studied. 


Experimental Results and Discussion 


1. Materials.—The Nori-utsugi plant grown in 
Funagata-cho, Yamagata Prefecture was employed 
in the present study. 

2. Crude Mucilage.—The inner bark (100¢g.) 
stripped from the plant was extracted twice with 
cold water (1/) for a day; the liquid collected 
was then filtered through linen. Using a portion 
of the clear solution, the viscosity was measured 
by an Ostwald’s viscosimeter at 20°C and the re- 





3) M.Sawamura, J. Chem. Soc. Japan, 17, 174 (1896) ; 
Mem. Coll. Agri. Tokyo Imp. Univ., 5, 259 (1902). 
4) R. Hara, Shigyo-zasshi, 12, No. 8, p. 1 (1918). 
5) S. Komatsu, et al., Mem. Coll. Sci. Kyoto Imp. 
Univ., 8, 51 (1925). 
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sults were shown in curve I in Fig. 1. The solu- 
tion remaining was poured into acetone (ca. 2/), 
and the mucilage, flocculated was filtered, washed 
by means of acetone, and then ether, and finally 
dried in vacuo over phosphoric oxide to give 
a white product of about 30% yield. The mucilage 
obtained did not reduce Fehling’s solution, but 
gave the strong color reaction for uronic acid 
with naphthoresorcinol. It contained 12.13% mois- 
ture,l 4.85% ash and 0.80% nitrogen. The sample 
freed from water and ash was shown to contain 
49.20% uronic acid lactone by the carbon dioxide 
evolution method, and to give 25.66cc./g. acid 
value titrated with 0.1IN NaOH. The viscosity 
of the solution was shown in curve II in Fig. 1. 


Viscosity in 7sp/e 





0 0.05 01 Os 


Concentration of mucilage in g./100 cc. 
Fig. 1. Viscosity of mucilagenous solution. 


3. Acid Hydrolysis.—With a view to deter- 
mining the component sugars, the mucilage was 
heated and hydrolysed with 4% sulfuric acid in 
a bath of boiling water, and the reducing sugars 
produced were determined by Bertrand’s method 
from time to time. It was found, as shown in 
curve I in Fig. 2, that the sugar production reached 
a maximum after twenty four hours, whose value 
calculated as glucose was 62.6%. In order to 
make it hydrolyse in more severe conditions, 8% 
sulfuric acid was used at the same temperature. 
The maximum value of reducing sugars in this 
condition was 68.6%, which was attained after 
fifteen hours, as shown in curve II in Fig. 2. 


Reducing sugars in % 





Reaction time in hr. 


Fig. 2. Hydrolysis of mucilage. 
I. 4% HeSO, Il. 8% H2SO, 


Under these conditions, the uronic acid and 
pentose produced seemed to be further decomposed 
to some extent, since furfural was detected in the 
hydrolysate by the test with aniline-acetic acid 
paper. The fact that the maximum value of the 
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sugar content was at most within about 69%, 
suggests the presence of linkage not being apt to 
hydrolyse in the polysaccharide molecule. The 
reaction was stopped, and the hydrolysate solution 
was filtered from the remaining substance. The 
filtrate was neutralised with barium hydroxide, 
filtered, evaporated to a small volume and poured 
into methanol. The precipitate was filtered, re- 
dissolved in water, filtered through an active 
carbon layer several times, evaporated again in 
reduced pressure to a small volume and added to 
methanol. The precipitate was again purified by 
reprecipitation with methanol and finally dried. 
The white powder obtained reduced Fehling's 
solution in the hot state and gave a beautiful 
color reaction of uronic acid with naphthoresorci- 
nol. (Found: Ba 26.05%. (CsH9O7)2Ba requires 
Ba 26.24%). With cinchonine, the free acid gave 
a white crystal, m.p. 178°C, alone or mixed with 
authentic cinchonine salt of D-galacturonic acid; 
and by oxidizing with nitric acid, it gave crystals 
of mucic acid, m.p. and mixed m.p. 213°C. These 
facts indicate that the uronic acid obtained is D- 
galacturonic acid. 

The methanol solution of the hydrolysate which 
was removed from the precipitated barium uro- 
nate by filtration was concentrated in vacuum to 
a syrup. The syrup was dissolved in water, 
de-ionised by Amberlite resin IR-4B and IR-120, 
and again concentrated. The mixture of sugars 
was separated into its components on a sheet of 
Toyo-Roshi No. 50 filter-paper by partition chro- 
matography and the use of a mixture of phenol 
(80%) and water (20%) as the solvent and aniline 
hydrogen-phthalate as the spraying reagent. As 
the constant value of R¢ was not strictly expected 
due to some inconvenience of the experimental 
apparatus used, the value of Rg of the unknown 
sample was estimated by comparison with that 
of the known sample tested at the same time in 
each experiment. The sugars detected were 
galactose (Rc: 1.07), arabinose (Rog 1.36) and 
rhamnose (Rg 1.48), where the known samples 
were galactose (Rg 1.10), arabinose (Re: 1.36) 
and rhamnose (Re 1.50). 

From these results, it was found that the muci- 
lage was a polyuronide composed of arabinose, 
galactose, rhamnose, and D-galacturonic acid. 


4. The purified Mucilage.—From the muci- 
lagenous solution appeared, however, on standing 
for several days a deposit, which might be com- 
posed of impurities. As in the case of the muci- 
lage of the Tororo-aoi plant, the supernatant 
solution removed from the precipitates was ex- 
pected to contain a polyuronide, which was the 
essential part of the mucilage of the Nori-utsugi 
plant. The purified polyuronide was obtained by 
adding the supernatant solution to a large volume 
of acetone. It contained 9.37% moisture, 7.42% 
ash; and the sample freed from water and ash 
was found to contain 52.32% uronic acid lactone. 

The component sugars besides D-galacturonic 
acid were shown by paper chromatography of the 
hydrolysate to be galactose (Re: 1. 10) and rhamnose 
(Rei 1.48), which procedure was the same as 
that mentioned above. Arabinose was not found; 
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perhaps the linkage between arabinose and the 
skeleton in the mucilage molecule is so weak 
that it is apt to auto-hydrolyse and liberate®. 

The viscosity of the solution of the purified 
mucilage was very high, as shown in curve III 
in Fig. 1. The data showed that the more the 
impurity is removed from the mucilage, the more 
viscous the solution becomes. 

5. The degraded Mucilage.—As the solution 
of the purified mucilage was too viscous to handle, 
a conventient method was devised to purify the 
polyuronide, disregarding some degradation. The 
extracted mucilagenous solution (ca. 10/) was 
heated at 120-125°C in an autoclave. As the 
viscosity of the solution decreased to a constant 
value within about two hours, the solution was 
filtered from the precipitate and added to a 
saturated solution of copper sulfate. The precipi- 
tate was filtered and soaked in a quantity of 
ethanol containing a few drops of hydrochloric 
acid. The ethanol solution was renewed until 
the copper ion was eliminated, and the mucilage 
was washed with absolute alcohol and ether to 
eliminate the chlorine ion, and dried. 

The degraded mucilage thus obtained was a 
white amorphous powder (yield ca. 32g.). Analy- 
sis showed that it contained 4.64% moisture and 
0.25% ash; the sample freed from water and 
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curve was obtained. This is shown in the curves 
in Fig. 1, where I’, II’, III’ and IV’ indicate the 
addition of 1% sodium chloride to I, II, III and 
IV respectively. The essential part of the mucilage 
of the Nori-utsugi plant is, therefore, a polyuronide 
composed of galactose, rhamnose and D-galac- 
turonic acid. In the crude solution, the pro- 
perties of polyelectrolyte are perhaps interfered 
with some factors, for example metallic ion, and 
the viscosity curve of the crude solution gives a 
straight line. 

6. Composition of Mucilage.—Then the 
quantitative relation between the component sugars 
in the polyuronide was determined. Boiling the 
purified mucilage with 12% hydrochloric acid solu- 
tion gives rise to furfural and methyl! furfural; 
the former is due to galacturonic acid and the latter 
to rhamnose, and both are precipitated as mixed 
phloroglucides. The amount of furfural-phloroglu- 
cide is calculated from the galacturonic acid content 
determined by the carbon dioxide evolution method. 
The quantity of furfural-phloroglucide is deducted 
from the total amounts of the mixed phloroglucides, 
and the amount of methyl furfural-phloroglucide 
is found, from which the rhamnose content of 
the mucilage is calculated. The glactose content 
is also directly found. The results thus obtained 
are shown in Table I. 


TABLE I 
COMPOSITION OF MUCILAGE 


Methyl 
Sample Lvl ya furfural- 
(water, : : phloro- 
ash free) — =" — 
(g 
0. 2123 0. 0615 0. 0465 0.0150 
0. 2198 0. 0639 0.0481 0. 0158 


ash contained 58.92% uronic acid lactone, and 
gave 34.42cc./g. of acid value titrated with 0. 1N- 
NaOH. The component sugars besides galacturo- 
nic acid were shown by paper chromatography 
to be galactose (Reg: 1.07) and rhamnose (Roa 1. 48). 
A very faint red spot (Re 1.34?) was found 
with difficulty, which might be due to a trace of 
arabinose which still remained. 

The degraded polyuronide was comparatively 
too hard to be dissolved in water, and owing to 
the degradation, the solution was found to have 
fairly low viscosity, as shown in curve IV in 
Fig. 1. The degraded polyuronide, however, is 
considered to represent the main molecular struc- 
ture of the mucilage. It is further noticeable 
that curve IV indicates the characteristic feature 
of linear polyelectrolyte”, which did not appear 
in the other curves. It may be explained on the 
basis of the presence of ionized carboxyl groups 
along the molecular chains. When sodium chloride 
was added to the mucilagenous solution, the 
wiscosity decreased markedly and an almost linear 


6) E.L. Hirst, E.G.V. Percival and C.B. Wylam, J. 
Chem. Soc., 1954, 189. 

7) H. Staudinger, ‘‘Die Hochmoleculare Organische 
Verbindungen "’, S. 1344 (1932); Wo. Panli. L. Sternbach, 
Helv. Chim. Acta, 24, 317 (1941) ; S. Machida, N. Uchino, 
J. Chem. Soc. Japan, 74, 183 (1953). 


Rhamnose Rhamnose Galactose 


Galacturonic 


(g) (%6) (36) "aa 
- A 12. 92 34. 76 52. 32 


It was found from these results that the essen- 
tial part of the mucilage is a polyuronide composed 
of p-galacturonic acid, galactose and rhamnose in 
the molar ratio of 10:7:3; that is, the molecular 
formula is [(CsHsOg):0-(CsH10O5)7-(CesH10O4)s]-. And 
the crude mucilage as it was extracted from the 
inner bark, is considered to have such a structure 
that the polyuronide skeleton is combined with 
some arabinose residues by some comparatively 
weaker linkages. 


Summary 


1. The mucilage of the inner bark of the 
Nori-utsugi plant (Hydrangea paniculata, 
Sieb.) was found to be composed of arabinose, 
galactose, rhamnose and p-galacturonic acid. 

2. When the crude mucilagenous solution 
had stood for several days, a deposit appeared 
which might be composed of impurities. The 
purified mucilage was obtained from the 
supernatant clear solution. The purified muci- 
lage was a polyuronide composed of galactose, 
rhamnose and galacturonic acid and it was 
considered to be the essential part of the 
mucilage. 
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3. Degraded mucilage was obtained by 
heating the crude mucilagenous solution at 
120-125°C in an autoclave. It had the same 
component sugars as the purified mucilage, 
and represented the main structure of the 
mucilage. 

4. The essential part of the mucilage was 
a polyuronide composed of p-galacturonic 
acid, galactose and rhamnose in the molar 
ratio of 10:7:3; that is, the molecular for- 
mula is [(CsHsOz)10°(CsH19O;)7*(CsH1004)3 |e 
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5. The solution of the degraded mucilage 
exhibited the typical electroviscous behavior 
of polyelectrolyte. 


The expense of this study was defrayed 
in part by a grant from the Hattori Hokokai, 
to which the author’s thanks are due. 


Chemical Laboratory of Textile Fibers, 
Kyoto University of Industrial 
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V. Theory of Reversible Wave* 


By Mitsugi SENDA and Isamu TACHI 


(Received May 18, 1955) 


Introduction 


Recently Breyer and Hacobian" have de- 
veloped an equation of the reversible polaro- 
graphic wave. Their treatment, however, re- 
ferred to the stationary state of the electrode 
process when a small sinusoidal alternating 
potential is superimposed upon the constant 
potential applied to the electrode. Grahame”? 
has also shown the change of faradaic ad- 
mittance against the applied constant pot- 
ential, in which, however, Nernst’s diffusion 
layer was assumed for the diffusion process 
of reactants. 

In the first paper of this series® a general 
equation for the electrolytic current in a.c. 
electrolysis has been mathematically deduced. 
In the present paper an approximate solution 
of the general equation will be given for the 
case of the reversible redox-system, in which 
the electrode process at the transitionary 
state is also taken into account, and not only 
Breyer’s polarogram but also  Fournier’s 
polarogram will be theoretically derived. 


Reversibility in A.C. Polarography 


When an alternating voltage, JEp(wt+0), 
is superimposed upon the constant voltage, 
E, applied to the steady plane electrode, the 


* A part of this paper was read at the 7th Annual 
Meeting of the Chemical Society of Japan, held in Tokyo 
on April 3, 1954. 

1) B. Breyer and S. Hacobian, Australian J. Chem., 
7, 225 (1954). 

2) D.C. Grahame, /. 
(1952). 

3) I. Tachi and T. Kambara, This Bulletin, 28, 25 
(1955). 


electrochem. Soc., 99, 370C 


resulting current, i, is, after proper rear- 
rangements, given as follows”; 


‘a i _=/f)= ) 
nFq 0) t) P(E) 


1 ce pF) 
Vo \,V nE—m) 2” 


gp) are 


= p,(&)+@.(&) (1) 


where the functions @,(&) and 
shown by 


r 4 
P(E)=ks fo*Co exp} — anF (—Ey) +E 


RT 
l_ £.#7 xn (l-a)nF 
+4EPE+8)) tre Crexp} RT 
x (—Ey+E+4EpE+0))} | 
pl) = Rel fo y"( fr \"| exp{ [an 
: \V Do) \W Del OY URT 


x (Ey. +E+4E pt +0) 


{ Q-a)nF (_ fp 
+exp; RT Ey j2t+E 


+4EpeE+0)| | 


-~) 


and wt is transformed to & by the equation, 
wt=€. (2) 


In these equations 4E is the amplitude of 
alternating voltage and p(wi+@) is an arbi- 
tuary periodic function, in which w is the 
angular velocity, ¢ the time and @ the phase 
angle; *C is the concentration of reactant 
in the bulk solution, f the activity coefficient, 
D the diffusion coefficent, m the number of 
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faradays of electricity required per mole of 
the electron exchange reaction, k; the rate 
constant at the standard potential, @ the 
transfer coefficient of forward reaction, and 
the suffixed O and & are referred to oxidized 
and reduced form, respectively. F, R, and 
T are employed in the usual sense. g is the 
surface area of electrode. Ej/z is the half- 
wave potential of the reversible polarographic 
wave and is related to the standard potential, 
E., by the equation; 


RT , nto” Dr 
Eyj2=Eot+ nF | “RV Do 


In deriving the above theoretical equation it 
was assumed that the electrolysis is carried 
out in the presence of excess amounts of 
supporting electrolytes, so that the depolar- 
isers move exclusively by diffusion and the 
potential drop (ohmic and diffusion) in the 
solution is negligibly small. This condition 
also allows us to assume that the activity 
coefficient remains practically unchanged in 
the solution and that practically all of the 
potential drop between electrode and solution 
is limited to the Helmholz double layer, be- 
cause the diffused electrical double layer is 
compressed. 

For the greater value of k; eq. (1) can be 
transformed to a more convenient form‘; 


d P(N) 1 
lE&)= PG (E&)—Xr ‘ 
PoE) = gE dé\,v a(E—9) e%*-4-¢-*!-or “ 


where 


pn fo \-* Sr 
r= Valk yy) (DQ) * i 


" pT A! E—4AEp(n+90)), 


and the function — is given by 


(E)= Vv (" i(9+0)—ia(n +80) ]dn, 
gE ‘wie \V x eat r+ Olden, 
: ie Aap 1 
i(9+6) = 9 V Do*Co 1+tanh=), 


ian +0)=5 VD,*Cx(1—tanh : ¢) 


The integral equation (4) can be solved by 
the method of successive substitution and it 
is seen that 


PAE) = go(&) +S} —1 rAIg ;( < ); (7) 
where 
(£\— d W 1 Z5-\(9) 
aif)= dé \v mE—) ert+e-\!-a oa. 


4) H. ‘Mitoath. Z. Elektrochem., in press. 
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When A<Il, (8) 

the solution (7) is approximately reduced to 

P(E)~ = Zol (&), (9) 


which is also derived when Peters’ formula 
is assumed to be held at the interface of 
electrode*? and should be called an equation 
for the reversible a.c. polarographic current. 
Thus it is seen that the parameter A defined 
by eq. (5) governs the a.c. polarographic be- 
haviour of the redox-system and determines 
its characteristics whether it is reversible or 
not under the above stated conditions. 


Reversible Wave 


For the sake of simplicity it is assumed 
that *C,=0, e.g., Za(7+0)=0, in the following 
deduction. Thus from eqs. (6) and (9) the 
equation for the reversible a.c. polarographic 
current is rewritten as follows; 


E 1 , 
[Pol (E) bev. = V dé ae a (€—n) i(n+@0)dn 
Vw. “a 1 ms 
= i(A)—\ 3 i(n+@)dy, 
V né \, V x(E—) dn ' : 
ao 1 d 


+, V x(E—») dyn“ 

The third term in the right hand of this 
equation corresponds to the electrode process 
after a sufficiently long time has elapsed and 
should be called the stationary term. On the 
other hand the first term and the second 
should be called the transitionary term. The 
function i(7+@) defined in the preceding 
section can always be developed in the 
Fourier series; 


(9+0)dn. (10) 


i(9+0) = yj +N (dn cos [n(9+8)] 
“mt 
+b, sin [n(7+8@)]), (11) 
where 


a _ 1 ee 
a = \, in +@)dn, 


ror 


an= | i.) cos nn dn, 
7 Jo 


te 


bm \" i-(7) sin ny da». 
TO 


Inserting this series into the above equation, 
(10), and using the well known formula; 


oe sin 1 r sin 
[ oa [ | dn=) [ |(e- ©, 
Jo V r(E—%) | cogs Vial cos 4/ 


we obtain the stationary term, #-(&), which 
corresponds to the a.c. component defined in 
Part I of this series*, e.g. 
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| r x1 
p!E)=V wd | nancos| nE+0)+ 7 | 
“wm-IN L 4 4 
+V nbn sin{ m(£+0)+ |) (12) 


Upon employing the following approximate 
formula; 
ee | r Sin 1 poeeey 
ee 0 aN=— 5 =| n€, (13) 
-¢V mm t con. MV xe! _ sin J 
the transitionary term, #(&), which corre- 
sponds to the d.c. component defined in the 
first paper of this series*’, is given by 


Vw a (14) 
Va 2 ; 


It is easily shown that the approximate 
formula (13) is held in the errors less than 
1%, when €& is greater than 4z or 


Pr £)= 


9 
‘> 2r my (vy: cycle/sec). (15) 


Ww v 


Thus the electrolytic current is given by the 
sum of a.c. and d.c. components. In practice, 
however, owing to the electric double layer 
present at the electrode interface, an alter- 
nating current will flow, which should be 
called capacity or base current. The double 
layer can be regarded as a constant capacitor 
when the amplitude of applied alternating 
potential does not exceed 30mV.”. Thus by 
retransforming & to wt by Eq. (2) the total 
current is given by 


[e}rev. =F Ql Pt) lrev- tact tac. Fin, 
where 
lac. =nFqy;s(wt), 
lac. =nFqy wt), 


7 wC rgd ~( wt+0+ >). 
The functions ¥;(wt) and y(wt) are defined 
by eqs. (12) and (14). ig is the base current, 
where Cp is the differential capacity of the 
double layer. 


Fournier’s and Breyer’s Polarograms 


The above theoretical conclusion is derived 
with the assumption that the electrode is 
plane and the medium through which the 
depolarisers move, stays still. However, these 
results may be applied to the theoretical 
analysis of the electrode process at the drop- 
ping mercury electrode as a first approxima- 
tion. At the dropping mercury electrode the 
surface area of the electrode, gq, is given by” 

5) D.C. Grahame, J. Amer. Chem. Soc., 68, 301 (1946). 


6) I. Tachi, ‘‘ Polarography’’, Iwanami Book Co., 
Tokyo (1954), p. 76. 
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{ 3m \2/3,2/3 
= 47 _ pe 
lie 4nd / 


where m is the weight of mercury flowing 
out of the capillary per unit time, and d the 
density of mercury. Accordingly Eq. (14) is 
a good approximation for the theoretical 
analysis of the electrode process at the drop- 
ping electrode, because the surface area of 
the mercury drop is very small at the be- 
ginning of the electrolysis and the mean 
value of the electrolytic current during each 
drop is observed. Usually it is also safe 
to assume that gq remains almost constant 
during each cycle of the alternating cur- 
rent. Accordingly the d.c. component, Zu.c., 
in Eq. (16) corresponds to Fournier’s current, 
e.g., the mean value of the total electrolytic 
current. Furthermore it is possible by use 
of the so called Stackelberg’s integral equa- 
tion? to take into consideration the effect 
of expansion of the mercury drop. Thus the 
equation of reversible Fournier’s polarogram™” 
is given by 


Ir= LT Lines, (18) 


where 7 is the drop time. From Eggs. (6), (11), 
(14), (16) and (17) it is seen that 


Ip=ia ) | 


2n 
“aoe 


1 nF o4 
9 li+tanh ORT (Ei ;2 E 
—dAE p(n+86))\dn, (19) 


in which za is the polarographic limiting dif- 
fusion current originally derived by Ilkovic” 
and is given by 


sm, tf 7 \* 1/2* ( 3m \*" 1/8 
ta ayy nFDo'/?*Co —) 


Since the condition that ly is satisfied 


in the usual experiments, it is easy to sep- 
arate the a.c. component from the d.c. com- 
ponent by use of a current detector with 
proper frequency response. Thus is obtained 
Breyer’s polarogram'’, which shows the 
change of the magnitude of a.c. component 
against the applied constant potential. From 
Eqs. (12), (16) and (17) the mean value of 
effective value of ia... during each drop is 
given by 


7) M.v. Stackelberg, Z. Elektrochem., 45, 466 (1939). 

8) M. Fournier, Compt Rend. 232, 1673 (1951). 

9) D. Ilkovic, Coll. Czech. Chem. Communs., 8, 13 
(1936). 

10) B. Breyer, F. Gutmann and S. Hacobian, Aus- 
tralian J. Sci. Research A3 558, 567, 595 (1951); 
B. Breyer and S. Hacchian, ibid. 604, 610 (1951). 
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[Ia.c. bre=mF 'n( es ) ‘72/3 


{3 WS) (nan?-+nbn?) , (20) 
where a, and hy are defined in Eq. (11). 


A.C. Polarography with Sinusoidal 
Alternating Potential 

When the applied voltage is given by 
V=E+4E sin (wt+8), 

the function i.(7+@) is demonstrated by 


idn+0)= V Do*Cof1+tanh , oa (E12 


2RT 

i perenn (21) 

It is difficult to develop this function in the 
Fourier series. When the amplitude is so 


small that —B= ar 4E is less than unity, 


however, this function is approximately ex- 
pressed by the following series; 


i(N+0)~j(n+@) = Ab +B, sin [9+] 
+ Az, cos [2(7+6) ae sin [3(7+@)] 
+A, cos [4(1+0)]+----- : (22) 
where 
Ay _— 1 » 3 1 i or 
2 =jot+ {Bhat 4g Per , 
2 3 1 Ore 
Bi=Bht 4 31 Fit basteer 
1 = 2 ee 
Az ges 2 gr Ps 
we. | eee 
Bs=— 4 3 Ae 
rr 
A, 8 g bat : 


and 


jo=[5 V Do*Co(1+tanh —x 
Jom—nF CE 2—K)/2RT 


i 
n=| * 2=—nF(E1/2+F)/ 2RT 


L 


a 6 lae—nFch 2—F)/ ORT y.0000. 
wm dx (me 
It must be noted here that if we write za in 
place of V D,*Cy in the above equation, the 
function jp coincides with the equation of 
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reversible wave in classic polarography and 
hiv Jao correspond to the first, second,-:--:- 
derivative curve of it, respectively. From 
these equations being combined with Eggs. 
(12), (14) and (16) the electrolytic current is 
given by 


Jac.=nFq V w{B, sin| wt+@+ 4 


4. 
+V 2 Ap) 2wt+0)+7 |! 
V 3B; S(wt+0)+ 7 seeseees (23 
and 
Jave.=nFq , al ~ (24 





qi 





(1):n(E-Ey) =0 


(1):nE-Ey)=0mV 


Fig. 1. 


respectively. In Fig. 1 are illustrated the 
functions Jo, j-(wtt+@), Jac./nFq, and Ao/2 for 
the two values of applied constant potential, 
e.g. E=E\j2 and E=E\;2+50/n mV. At the 
half-wave potential the value of Ao/2 or a)/2 
agrees with that of j, which is always true 
for any type of alternating voltage being 
employed. When the amplitude is so small 
that —B<l, the a.c. component is approxi- 
mately expressed by 


nF 4E( Vv Do*Cot VD,’ *Cr) 


cca V 
Ja =MFQV w ger 


| oe z \ 
E) |sin| wt-+0+ 1)’ 
(25) 
in which the presence of reduced form is 
also taken into account. A similar result 
was reported by Breyer and Hacobian”. The 


x cosh~ | er (Eyj2— 
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value of Eq. (25) at the half-wave potential 
was also mathematically derived by Delahay 
and Adams'». Thus Breyer’s polarogram 
coincides with the derivative curve of clas- 
sical polarogram with respect to the applied 
constant potential when the amplitude is 
sufficiently small, but it begins to deviate 
from the derivative curve with increasing 
value of the amplitude as is expected from 
Eq. (23). Eq. (25) shows that the electrode 
interface is electrically equivalent to the 
series combination of Resistor, R, and capacitor 
C, which are given by 


a ae 2V 2 a a 
we gq (VDo*Co+V D,*Cr) n?F? 

t 2 2F = ae 

Y wi cosh [ 2RT (Bits E) | 


This is a more generalized expression for the 
faradaic impedance of reversible electrode in- 
terface? at the equilibrium d.c. potential 





Fig. 2. 


11) P. Delahay and T.J. Adams, J. Amer. Chem. Soc., 
74, 5740 (1952). 
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originally derived by Randles'?, Ershler'® 
and Gerisher™. 

In Fig. 2 are shown the classical polaro- 
gram and Fournier’s polarogram, which were 
calculated by substituting Eq. (24) in Eq. (18), 
when the amplitude is 30” mV. 

The theoretical conclusion described in this 
paper shows a good agreement with the ex- 
perimental results given in the previous 
papers of this series’ and of other investi- 
gators''5,!7, More detailed comparison with 


them will be given in the succeeding papers. 


Summary 


The electrolytic current due to the super- 
position of an alternating potential upon a 
constant potential applied to the electrode is 
approximately derived for the case of rever- 
sible reaction. The parameter which deter- 
mines the reversibility of the a.c. electrolysis 
is also given. Using the above derived re- 
sults, the instateneous electrolytic current 
as well as current-voltage curves of reversible 
Breyer’s and Fournier’s polarogram are shown. 


Department of Agricultural Chemistry, 
Faculty of Agriculture, K yoto 
University, Kyoto 





12) J. E. B. Randles, Discuss Faraday Soc., 1, 11 
(1947). 

13) H. Ershler, ibid., 269. 

14) H. Gerisher, Z. physik. Chem., 198, 286 (1951). 

15) M. Okuda and I. Tachi, This Bulletin, 28, 37 
(1955). 

16) E. Niki, Study of Polarography, 1, No. 4 p. 27 
(1954). 

17) J. van Cakenberghe, Bull. Soc. chim. beige, 60. 
3 (1951). 


On the Main Chemical Components dissolved in the Adjacent Waters 
to the Aleutian Islands in the North Paci fic* 


By Rinnosuke Fukar and Fumiko SHIOKAWA 


(Received May 23, 1955) 


Introduction 


The authors have studied the main com- 
ponents dissolved in the sea water collected 
in the region adjacent to the Aleutian Islands. 
The chemical components dealt with in this 
paper are chloride, sulfate, sodium, magne- 
sium, calcium and potassium ions. 





* Contribution B-No. 208 from the Tokai Regional 
Fisheries Research Laboratory, Tokvo, Japan. 


Since Dittmar’ reported the composition 
of oceanic salt obtained from various regions 
of the world, it has been well known that 
the abundance ratios between main ions 
dissolved in sea water are in good agreement 
for any locality of the whole ocean. Never- 
theless, it has been also known that there 
are some exceptional cases where slight dis- 


Dittmar, ‘‘ Challenger 
Vol. 1 (1884). 


1) W. 
Chemistry ”’, 


Report, Physics and 
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agreement is found due to local circumstances 
such as inflow of a large river or explosion 
of a submarine volcano. At the present 
step of chemical oceanography, it is to such 
a local difference in the main dissolved com- 
ponents that attention has been called. 

The region under study is located in the 
north end of the North Pacific, as shown in 
Fig. 1 of the previous report?’, being under 
the effect of polar conditions. In this paper, 
the authors mainly examined whether or not 
the ratios between the main components in 
the waters of this region show any difference 
when compared with those in other regions. 
Investigations concerning the subject in the 
region under study have scarcely been carried 
out except in the case of that made by 
Ratomanov et al®, which seems to involve 
some results to be reexamined. 


Samples and Analytical Methods 


As mentioned in the previous report, a marked 
minimum of water temperature is found in the 
region in question at a depth of about 100m. It 
may accordingly be expected that the deviations 
from the normal values of the ratios between 
the main dissolved components presumably would 
be centered at the depth, if the deviations should 
be caused by freezing or other phenomena relat- 
ing to low temperature. For this reason the 
following samples were selected from those col- 
lected in the areas under study, the Bering Sea 
area and the North Pacific area, keeping the 
above view in mind. They are _ respectively 
water samples from the surface laye1 (10-25 m.), 
the temperature minimum layer (75-100 m.) and 
the deep layer (about 1000 m.) in each area. Each 
sample was prepared by mixing equally water 
samples collected at several stations situated in 
the same area. In addition to these, two surface 
water samples were analyzed, one of which was 


TABLE I 
SCHEMES OF SEPARATION PROCEDURES FOR CALCIUM AND MAGNESIUM 


Sea Water Sample, 50 ml. 


(filtered by G3 


glass filter) | 


NH,Cl, HCl, 
(NH4)2 (COO)2 


NH,OH 


Filtr. 


v 
~~ 


HCl, 
(NH,4)2HPO, 
| NH,OH 
Filtr. Ppt. 
MgNH,PO, 
| dis. HCl, 
reprecip. 


1 
| 
¥ 


~ oo oe 
Filtr. Ppt. 


| 
Ppt. 
Ca (COO), 
dis. HCl, 
reprecip. 
— 
Ppt. 
Ca (COO), 
| repeat the 
above proc. 


. 


rm 
‘iltr. Ppt. 


Ca (COO)s 


ign. 
| 


¥ 


CaO 


MgNH,PO, 


repe 
; abov 


¥ 


at the 
ye proc. 


I : i 
Filtr. Ppt. 
MgNH,PO, 


| 
| ign. 


¥ 


Mg2P207 


2) R. Fukai, This Bulletin, 27, 402 (1954). 


3) C.E. Ratomanov et al, ‘‘ Research of the Sea” 
Vol. 2, Moscow, 1936 (in Russian with English summary). 
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TABLE II 
SCHEMES OF SEPARATION PROCEDURES FOR SULFATE, SODIUM AND POTASSIUM 


| Sea Water Sample, 30 ml. 
(filtered by G3 glass filter) 


| HCl, BaCl. 
| 


¥ 


Filtr. Ppt. 
| evap., BaCl, BaSO, 
‘ ' 
Filtr. Ppt. 
| Ba(OH)s BaSO, 
! 

Filtr. Ppt. | apn. 
Mg(OH)s i 
OEE 85%) dis. HCl, BaSO, 
| ore me | Ba(OH)s 

, | | | 
Piltr. Ppt. Filtr. Ppt. 
BaCO;, CaCO, Mg(OH)2 
dis. HCl, 


dry up, NH,CIf, 
CH-COOH 


| (NH4)sCOs, 
; CosH;OH 


Filtr. Ppt. 
BaCO;, CaCO; 


(NH,)sCO; 
dry up, NH,CIf, 
; HO extract 


H | 
Filtr. Residue 


HCl, (NH,4)s (COO)s, 
| NH.OH 


Filtr. Ppt. 
| alc. oxine, NH.,OH Ca (COO)2 
v 
Filtr. Ppt. 


HCL dry up, Mg-oxinate 


; NH,Cl. H»O extr. 
Filtr. Residue 
| HeI, dry up 


NaCl+KCl 


obtained in the vicinity of an island and the other TABLE III 
at Station 24 (just above Bowers Bank where . : 
PERCHLORATE METHOD FOR SEPARATION 


upwelling was taking place). 
Gravimetric methods of analysis have been OF ALKALI METALS COMPARED WITH 
CHLOROPLATINATE METHOD 


adopted for all components except for chlorine 


determination. Ordinary procedures have been K mg. K mg. 
followed so that strict comparison with former (added) (found) 
data can be made. Outlines of procedures are io 

= : Perchlo- Chloro- 
shown schematically in Tables I and II. Ac- Method rate platinate- 
. “ . by f < 
cidental errors have been avoided by means o KCI ‘iii. in 13.03 13. 30 


checking analyses from time to time on artificial 


sea water containing known quantities of each 9 12.77 13.03 
component. KCI+NaCl solution 13.04 13.21 13. 34 
y 13.18 


Total amounts of alkali metals were determined 
as chlorides and potassium was precipitated by added NaCl: 842 mg. 


fr Ss © Oe Oo wD ew 


» 
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perchloric acid instead of chloroplatinic acid. No 
significant difference was recognized between the 
values obtained by these two different methods 
as shown in Table III. 


Results and Discussion 


Analyses have been carried out two or 
three times for each sample and the averaged 
values obtained are given in Table IV in 
terms of ratios to chlorinity. 


a refrigerator”. 

On the other hand, the tendency of rela- 
tive increase in sulfate is recognized in the 
surface layer, suggesting the effect of dilution 
by melting ice. 

Although the mechanism of the change in 
relative abundance of the dissolved compo- 
nents may be complicated, it may qualitatively 
be explained as follows. When sea water is 
cooled from the surface until it forms ice, 


TABLE IV 
RESULTS OF ANALYSES IN TERMS OF RATIOS TO CHLORINITY 


Location and Depth Cl % 
Aleutian Region 
Bering Sea Area 


surface 18. 38 0. 
temp. min. 100m. 18.51 
deep 1000 m. 19.11 


o 


N. of Semisopochnoi I. (surface) 18.43 


S. of Amatignak I. 18.04 0. 


North Pacific Area 


surface 18. 41 0. 
temp. min. 100 m. 18. 45 
deep 1000 m. 19.17 
Average 18.56 0. 


Kuroshio Region 


Average 33° 50’N 19. 32 0 
139° 45’E 
Rejection limit (level of sign. =0. 05) +0. 


In Table IV are included also the averaged 
values for the Kuroshio region calculated 
from the results of the analyses carried out 
six times by the present authors. On the 
basis of the six values, rejection limits were 
computed for each component. Regarding 
the limits as a measure, no significant differ- 
ence is found between the samples collected 
from the Aleutian region. However, system- 
atic deviations from averaged values are 
noticed even within the limits. For example, 
the sulfate as well as sodium in the layer of 
temperature minimum are lower than each 
averaged value, both in the Bering Sea area 
and the Pacific area. 

The fact may suggest that a small amount 
of sodium sulfate has been removed from 
the sea water by some process. Quantita- 
tively, there is a considerable gap between 
the equivalents of sulfate and sodium depleted 
in the sample obtained from the Pacific area, 
while the equivalents in the Bering Sea area 
are in the same order, namely 0.44 and 0.66 
milli-equivalents for sulfate and sodium, res- 
pectively. This may relate to the fact that 
microcrystals of sodium sulfate are deposited 
in lattices of ice crystal, upon being removed 
from sea water, when sea water is frozen in 


SO, Na K Mg Ca 


14054 0. 5554 0.02090 0. 06625 0. 02137 


. 13853 - 5544 . 02087 - 06601 . 02113 
. 13963 - 5929 . 02011 . 06675 . 02136 
- 13957 0. 5587 0. 02082 0. 06580 0.02183 


14010 0.5570 0.02171 0. 06623 0. 02181 


14048 0. 5572 0. 02055 0. 06687 0.02172 


. 13918 . 5512 .02174 . 06648 - 02135 
- 13937 _ _ - 06632 -02171 


13968 0. 5553 0. 02096 0. 06632 0.02154 


. 13993 0.5561 0.02125 0. 06627 0.02128 


00147 +0.0081 +0.00125 +0.00113 +0.00052 


the sea water should be separated into two 
phases, namely solid ice phase occluding a 
smaller amount of salts and a liquid phase 
containing a concentrated amount of salts. 
At this time the relative concentration of 
sodium and sulfate ions in the solid phase 
may occur. Owing to the concentration of 
salts in the liquid phase by the separation 
of the ice phase, the density of the sea water 
under the ice layer may increase and sink 
downward by convection process, until the 
balance of density will be acquired. Thus, 
the temperature minimum layer having lesser 
concentration of sodium and sulfate ions may 
be formed. On the other hand, when the 
ice is melted, water may have lower density 
remaining in the surface layer, thus, the 
relative concentration of sodium and sulfate 
ions may result. 

In Table V the values obtained by the pre- 
sent authors for the Aleutian and Kuroshio 
regions were compared with those obtained 
by previous workers for various regions”. 





4) G.J. Lewis and T.G. Thompson, Jour. Mar. Res., 
9, 211 (1950); K.H. Nelson and T.G. Thompson, Jour. 
Mar. Res., 13, 166 (1954). 

5) T.G. Thompson and R.J. Robinson, ‘‘ Geophysics 
of the Earth, V, Oceanography, Chemistry of the Sea” 
(1932). 
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TABLE V 
AUTHORS’ RESULTS COMPARED WITH OTHER DATA OBTAINED BY VARIOUS INVESTIGATORS 


Lyman & Thompson & <e Ratomanov —— i 
Author Fleming Robinson Miyake et al. Fukai & Shiokawa 
(1940) (1932) (1939) (1936) (1954) 
Location Average North Pacific Kuroshio Bering Sea Kuroshio Aleutian 
SO, 0. 1394 0. 1396 0. 1397 0. 1398 0. 1399 0. 1397 
Na 0.5556 0.5495 0.5497 0. 5533 0. 5561 0.5553 
K 0.0200 0.0191 0.0191 0.0187 0.0213 0.0210 
Mg 0. 06695 0. 06694 0. 0676 0.0659 0. 06627 0. 06632 
Ca 0. 02106 0.02150 0.02155 0. 02277 0. 02128 0.02154 
The values for calcium in the table have abundance of dissolved components of sea 


been corrected for strontium on the basis of 
the value determined by Lyman and Flem- 
ing”, although the strontium determination 
has not been carried out by the present 
authors. 

Ratomanov mainly referred to Dittmar’s 
values and stated that calcium, sodium and 
sulfate were higher as shown by the per- 
centage of total salt, while magnesium and 
potassium were lower in the Bering Sea. 
However, these characteristics have not been 
revealed from the results of the present 
authors’ analyses. 

The results obtained by the present authors 
seem to be in close agreement with those 
obtained by previous authors both in the 
Aleutian and Kuroshio regions except for 
the higher potassium values. The cause of 
these systematic higher values for potassium 
is not obvious. 

Whereas Miyake” pointed out that magne- 
sium in the Kuroshio region was higher, the 
authors’ result shows a rather lower value. 

The facts mentioned above may indicate 
that the mixing of water masses is prevailing 
in the Aleutian region as a part of the 
oceanic circulation of the Pacific. Never- 
theless, it should be noted that slight devia- 
tion from the normal composition may appear. 

It has been open to doubt whether the 
results of freezing experiments of sea water 
in a laboratory can be applied to the inter- 
pretation of natural conditions®. As a con- 
clusion, the possibility of change in relative 





6). J. Lyman and R.H. Fleming, Jour. Mar. Res., 3, 
134 (1940). 

7) Y. Miyake, This Bulletin, 14, 29 (1939). 

8) H.U. Sverdrup, M.W. Johnson and R.H. Fleming, 
“**The Oceans, their physics, chemistry and general 
biology’, Prentice-Hall, INC., New York, 1952, P. 219. 





water by natural freezing should be sug- 
gested. 


Summary 


The authors carried out the analyses of 
the main dissolved components of sea water 
on the samples collected from the Aleutian 
region in order to examine the local charac- 
teristics of the region under study. At the 
same time the samples collected from the 
Kuroshio region were analysed to check the 
systematic errors introduced. The results 
were expressed in terms of ratios to chlorinity. 

As a result, the following conclusions have 
been deduced. 

1. The relative decrease in sulfate and 
sodium equivalents was recognized on the 
samples collected from the layer of tempera- 
ture minimum. This seems to relate to freez- 
ing phenomena of sea water. 

2. A tendency of sulfate increase in the 
surface samples was noticed. 

3. Averaged values for the Aleutian re- 
gion were in close agreement with those for 
the Kuroshio region, both having been ob- 
tained by the present authors. The values 
also coincided with those obtained by other 
workers, except for higher potassium values. 

These facts may indicate that although 
the water masses existing in the Aleutian 
region are, on the whole, a portion of the 
oceanic circulation of the Pacific, a slight 
deviation from the normal composition ap- 
pears in the main components in some 
characteristic layers. 


Tokai Regional Fisheries Research 
Laboratory, Tokyo 
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Tin (II)-Strong Phosphoric Acid. A New Reagent for the Determination 
of Sulfate by Reduction to Hydrogen Sulfide 


By Toshiyasu Kipa, Tomoo TakAGi, Yooko YOSHIMURA and Ikuko KIsu1 


(Received July 22, 1955) 


Although a number of methods for the 
determination of sulfate by reduction to 
hydrogen sulfide have previously been work- 
ed out”, these methods are substantially based 
on dry heating” or fusion® of the sulfate- 
containing substances with adequate reduc- 
tants. It has long been desired to develop 
a new method by which soluble or insoluble 
sulfate can be reduced to hydrogen sulfide in 
solution with simple treatment and apparatus. 
E. Rancke-Madsen” gives a procedure for the 
determination of sulfate by reduction to 
hydrogen sulfide in a mixture of tin (II)-chlo- 
ride and phosphoric acid. By checking the 
method according to his procedure the pre- 
sent authors proved that the method can be 
applied only when the sulfate is present as 
sodium salt and moreover when the evolved 
hydrogen chloride on the reduction markedly 
acidifies the absorbing solution of zinc acetate 
and acetic acid, over the optimum range of 
pH that is adopted for zinc sulfide precipita- 
tion. C.M. Johnson and H. Nishita» reduced 


‘sulfates and organic sulfur compounds with 


a reducing mixture composed of hydroiodic 
acid, formic acid, and red phosphorus at a 
temperature of 115°C., and they determined 
the sulfur in plant materials, soils, and irriga- 
tion waters. However the reagents used in 
the method are not easily obtainable without 
accompanying impurity of sulfates and sulfur, 
especially for the purpose of micro-determina- 
tion of sulfur. 


In this laboratory for the last four years 
strong phosphoric acid has been used as a 
very excellent reaction medium for many 
analytical purposes, and the new methods 
for the determination of elementary carbon”, 
oxidation value of organic compounds”, and 
nitrogen in organic compounds*”, using a 





1 A. Kurtenacker, ‘‘ Analytische Chemie der Sauer- 
stoffsauren des Schwefels.”” Stattgart, (1938). 

2) Y. Oka and T. Kanno, J. Chem. Soc. Japan (Pure 
Chem, Sect.) 72, 161 (1951). 

3) K. Bruger, Angew. Chem., 54, 479 (1941). 

4) E. Rancke-Madsen, Acta. Chim. Scand., 3, 773 
(1949); 6, 305 (1952). 

5) C.M. Johnson and H. Nishita, Anal. Chem., 24, 736 
(1952). 

6) T. Kiba et al., Japan Analyst, 2, 446 (1953). 

7) S. Ohashi, This Bulletin, 28, 171 (1955). 

8) S. Ohashi, ibid, 28, 177 (1955). 

9) S. Ohashi, ibid, 28, 537 (1955). 


strong oxidizing action of potassium iodate 
in the medium have been already reported. 
The revealed fact that the strong phosphoric 
acid scarcely participates in the reaction 
carried on in it may also be utilized to the 
reduction by adding an adequate reductant 
in the medium. A new reagent for the reduc- 
tion of sulfate to hydrogen sulfide was pre- 
pared by adding tin(II)-chloride into the 
strong phosphoric acid and boiling the mix- 
ture to expel the evolved hydrogen chloride 
perfectly. Very viscous and slightly turbid 
liquid thus obtained, named “ Tin(II)-Strong 
Phosphoric Acid’, can be stored in a desic- 
cator of calcium chloride with slight decrease 
of reducing power for several months and 
be used as a conspicuous decomposing and 
reducing agent by heating above 120°C. for 
the determination of soluble and insoluble 
sulfates. In the following a method will be 
described in which the sulfate is determined 
by reduction to hydrogen sulfide with the 
above reagent, including details of preparation 
of the reagent and construction of apparatus. 


Apparatus 


The set-up used for the preparation of the 
strong phosphoric acid and the tin(II)-strong phos- 
phoric acid is illustrated in Fig. 1. For the critic- 
al purpose it is profitable to use a flask of fused 
silica instead of hard glass. A glass tube E plays 
as an outlet of water vapor in the preparation 
of strong phosphoric acid and as an inlet of car- 
bon dioxide in the case of the preparation of tin 
(II)-strong phosphoric acid. 

In Fig. 2 the apparatus for the reduction of 
sulfate and absorption of the evolved hydrogen 
sulfide is given as the assembly. All of these are 
hand-made in addition to Kipp’s apparatus for 
production of carbon dioxide. Into the reaction 
vessel A, a gas-inlet B and a thermometer D, 
which is covered with a thermometer-protecting 
tube C, are inserted. These tubes are attached 
to the reaction vessel with suitable rubber tube 
as shown in Fig. 2. 


Reagents 


Strong Phosphoric Acid.—Three hundred 
gram of commercial orthophosphoric acid of extra 
pure chemical grade (d=1.7) is placed in a flask 
in Fig. 1, and dehydrated by heating on a hot 
plate D, until a thermometer dipped in the liquid 












Fig. 1. Apparatus for the preparation of 
strong phosphoric acid and tin (II)-strong 
phosphoric acid. 

Round bottom flask of 400 ml. 

Thermometer-protecting tube. 

Thermometer of 360°C. 

Electric hot plate. 

Glass tube. 


BOOW> 








Fig. 2. Apparatus for reduction of sulfate 
and absorption of the evolved hydrogen 
sulfide. 

A: Reaction vessel. 
B: Gass-introducing tube. 
C: Thermometer-protecting tube. 
D: Thermometer. 
E: Electric heater. 
F: Asbestos plates’ 
S,: Absorbing flask. 
Se: Absorbing flask. 


shows 300°C. During the heating evaporated water 
vapor and mist of phosphoric acid should be 
rapidly removed from the liquid surface through 
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a glass tube E which is connected to a suction 
pump. This makes the time for the evaporation 
shorter and contamination brought from the 
components of the glass smaller. The very viscous. 
liquid thus obtained, strong phosphoric acid, is 
stored in a desiccator. 

Tin(II)-Strong Phosphoric Acid.—Using the 
same apparatus shown in Fig. 1 tin(II)-strong 
phosphoric acid is prepared as follows. Twenty 
to eighty grams of crystals of tin(II)-chloride di- 
hydrate of extra pure chemical grade, the amout 
of which is dependent upon that of sulfate to be 
analyzed, is placed in a flask A and covered with 
200g. of strong phosphoric acid obtained above. 
Introducing purified carbon dioxide from a Kipp’s. 
apparatus through a tube B, the content is gently 
heated to 300°C. Hydrogen chloride gas is evolved 
by the reaction and sometimes brownish color 
appears in the liquid. The color may be caused 
by the formation of tin(II)-sulfide, because a small 
quantities of sulfate which has been contained 
originally in commercial phosphoric acid as im- 
purity or comes from the glass wares during the 
reaction are all reduced to hydrogen sulfide. In 
this case the temperature should be kept at 300°C. 
till the color disappears. The contents should be 
cooled under continuous passing of carbon dioxide. 
The obtained tin(II)-strong phosphoric acid can be 
stored in a desiccator of calcium chloride for 
several months. 

Zinc Acetate Solution.—Dissolve 40g. of zinc 
acetate dihydrate in distilled water of 100 ml. and 
add 30ml. of gracial acetic acid,and dilute to 1 
liter. 

Iodine, O.O2N. 
ordinary procedure. 

Sodium Thiosulfate, 0O.02N. 
curately. 

Various Sulfates Samples. An aliquot from 
solution of a definite volume in which a known 
amount of sulfate has been dissolved, and a 
weighed sample of insoluble sulfate as barium 
sulfate are both used. The amounts of the sulfate 
ion in the sample were estimated gravimetrically 
as comparable standards. 


Standardized accurately by 


Standardized ac- 


Procedure 


Pipet accurately an aliquot from solution of 
sulfate as it contains 5 to 20mg. of sulfate ion, 
or weigh 10 to 25 mg. of barium sulfate into the 
reaction vessel A in Fig. 2. The solution should 
be evaporated to dryness at the bottom of the 
vessel. From a buret pour about 6 to 10 ml. 
of tin(II)-strong phosphoric acid in the vessel; 
then connect all of the apparatus as shown in 
Fig. 2. In the absorbing flasks zinc acetate-acetic 
acid solution was previously added as 40 ml. in 
S: and 20ml. in Sy Pass carbon dioxide very 
rapidly through the apparatus for five minutes. 
The passage of the gas should be rapid enough 
to cause strong agitation of the surface of the 
liquid in the absorbing flasks. At the end of five 
minutes reduce the flow of carbon dioxide to a 
rate of 120 bubbles per minute in the absorbing 
flask. Gently heat the bottom of the reaction 
vessel A on a small electric heater E. Gas begins 








as 
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to evolve from the bottom of the vessel when the 
temperature reaches 120°C. Continue the heating 
till it reaches 300°C. for about fifteen minutes, 
and then stop the heating. Carbon dioxide should 
be passed continuously through the apparatus to 
carry away the evolved hydrogen sulfide complete- 
ly. Disconnect the absorbing flask from the side 
arm of the reaction vessel, add quickly 20 ml. 
of 0.02N iodine solution to the absorbing flask 
through the inlet tube, and swirl to mix thoroughly. 
Because some zinc sulfide may cling to the inlet 
tube of the absorbing flask, keep this tube in the 
absorbing flask when treating with the reagent. 
Back titrate the excess of iodine with 0.02N sodium 
thiosulfate solution using starch as indicator. The 
whole determination can be carried out in one 
hour. Further some blank tests are run by add- 
ing no sulfate. 1lml. of 0.02N iodine consumed 
corresponds to 0.9607 mg. of SO,, 0.3408 mg. of 
HS, and 0.3206 mg. of S, respectively. 


Results and Discussion 


Composition of Tin(II)-Strong Phosphoric 
Acid.—Though the reagent has a remarkable 
reducing power, it is questionable from what 
component the reducing power occurs. In 
consequence of the reaction between tin(II)- 
chloride and strong phosphoric acid, not only 
stannous ion but phosphorous acid as well 
as hypophosphorous acid may be existing 
in the reagent. In order to estimate the 
composition of the tin(II)-strong phosphoric 
acid, the following experiment was carried 
out. A definite volume of tin(II)-strong 
phosphoric acid that has been prepared from 
200 g. of strong phosphoric acid and 20g. of 
tin(II)-chloride was weighed and dissolved in 
an adequate volume of 1.5n hydrochloric acid, 
and then titrated rapidly with 0.1N iodine 
solution using starch as indicator. The 
required volume of the iodine solution may 
correspond to the amount of stannous ion in 
the solution. Thetitrated solution was follow- 
ed by the determination of phosphorous acid 
and hypophosphorous acid according to the 
method of E. H. Swift, in which each of 
them is estimated separately by iodometric 
titration at the different pH. The consumed 
volume of 0.1N iodine solution by each com- 
ponent of stannous ion, phosphorous acid, 
and hypophosphorous acid are tabulated in 
Table I. This indicates that the reducing 
power of the tin(II)-strong phosphoric acid 
is most attributed to stannous ion in it. 

Stability of Tin(II)-Strong Phosphoric 
Acid.—Because tin(II)-strong phosphoric acid 
has an excellent reducing power only above 
the temperature of 120°C., it may be considered 
as a very convenient reductant from the 
point of view of its storage. The decrease 


10) E.H. Swift, Ana/. Chem., 25, 1272 (1953). 
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TABLE I 
CONSUMED VOLUME OF 0.1N LODINE SOLU- 
TION BY THREE COMPONENTS OF REDUC- 
TANT IN TIN(II)-STRONG PHOSPHORIC ACID 
(FOR 1.4915 g. OF THE ACID) 


No. 0.1N Iodine Consumed. ml. 
Sn*+ H;PO;  -H;POz 
1 10.73 2.51 1.05 
4 10. 72 0.13 3. 09 
3 10. 34 0.16 0. 44 


of the reducing power during standing at 
the room temperature of about 30°C. was 
estimated as a consumable volume of 0.02N 
iodine solution by a definite volume of hydro- 
chloric acid solution of 0.1 g. of tin(II)-strong 
phosphoric acid. For an example on 29th 
July, 1954, 4.65 ml. of the iodine solution was 
required and on lst September, 4.07 ml., so 
the decrease rate of the reducing power is 
computed as 10% in a month but smaller in 
the cold. 

Determinable Amount of Sulfate.—The 
recovery of sulfate as hydrogen sulfide by 
this method might be dependent upon both 
of the amounts of sulfate to be analyzed and 
that of tin(II)-strong phosphoric acid used as 
the reductant. To estimate the optimum 
range of quantitative recovery of sulfate the 
following experiments were carried out. 
Taking various aliquots from the working 
standard solution which contains 1 mg. of SO, 
in 1.00 ml. as sodium sulfate, the determina- 
tion was worked for each of them using 6 and 
10 ml. of tin (II)-strong phosphoric acid that 
has been prepared from 200g. of strong 
phosphoric acid and 50 g. of stannous chloride 
dihydrate. The recovery of sulfate of various 
amount is illustrated in Fig. 3, in which the 




















10 1 4 16 1 


Required 0.02 N Iodine Solution. 
(ml.) 


Amounts of SO, taken. (mg.) 

Fig. 3. Range of quantitative recovery of 
sulfate, using tin (II)-strong phosphoric 
acid prepared from 200g. of strong 
phosphoric acid and 50g. of SnClg-2H20. 

A: Theoretical. 
B: Using 10 ml. of the reagent. 
C: Using 6ml. of the reagent. 
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ordinate indicates the values of 0.02N iodine 
solution required for titration of evolved hy- 
drogen sulfide inml. and the abscissa mg. 
of sulfate ion taken. In both cases the opti- 
mum range for the quantitative recovery of 
sulfate covers from 0 to 15mg. of sulfate 
ion, so the substances to be analyzed should 
be taken as the amount of its sulfate ion 
which falls within the above range. The 
range will be extended to a larger amount 
of sulfate when we can prepare the tin(II)- 
strong phosphoric acid which contains a larger 
quantity of stannous ion. The problem is 
now being unraveled in the laboratory. 
Analytical Applications.— Analyses of vari- 
ous sulfates were made with this method. 
These results are summarized in Table II. 


TABLE II 
DETERMINATION OF VARIOUS SULFATES 
Sample SO, . = ” SO, 
Substance Weight Content R ~ onl Found 
mg. mg. — mg. 
ml. 
10. 41 7.03 7.30 7.01 
Sodium 5. 20 3. 91 3.64 3.50 
sulfate 9.94 6.71 6. 96 6. 69 
NazSO, 9.94 6.71 6. 96 6. 69 
9.94 6.71 7.06 6.78 
Alum 25. 73 10. 42 10. 88 10. 45 
KAI y y 10. 82 10. 40 
(SO4)2- ” 7] 10.78 10. 36 
12H2O a y 10. 87 10. 44 
Chrome 
alum 26.00 10. 00 10. 48 10.07 
KCr q w 10. 49 10.08 
(SO,4)2- q q 10. 49 10. 08 
12H,0 
31.22 10. 43 10. 86 10. 43 
Zinc ” y 10. 80 10. 38 
sulfate 33. 37 11.15 11.15 11.09 
ZnSO 4-7H2O y 7] 11.15 11.09 
62. 44 20. 86 21.69 20. 84 


Magnesium 


12 74 

sulfate , me 
: ” ” 12. 21 11.73 
LO ” ” 12.24 11.76 
Barium 12.12 1. 98 5.13 4.94 
sulfate 23. 20 9.55 9.73 9.35 
BaSO, 24.70 10.16 9.70 9, 32 


Each of the weighed samples of sodium sul- 
fate, alum, chrome alum, zinc sulfate, and 
magnesium sulfate was dissolved in water of 
a constant volume and pipetted into the re- 
action vessel as an aliquot of the solution. 
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The pipetted solution in the vessel was 
evaporated to dryness and allowed to be 
analyzed. On the other hand, the content 
of sulfate ion in each of the solutions had 
been determined gravimetrically as barium 
sulfate as usual. As an example of insoluble 
sulfates, barium sulfate was analyzed by this 
method. The sample was weighed accurately 
using a micro-balance and allowed to be 
analyzed in the reaction vessel directly. The 
precision and accuracy of the data were sub- 
ject to slight fluctuations with the kind of 
sulfate, but the errors rested within that of 
the usual gravimetric method. Further deter- 
minations were also carried out on other 
sulfates, like cupric sulfate and that of the 
second group metals, but the results were 
so much worse than those in Table II that 
only half of the sulfate ion could be reduced. 
The investigation on this fact and its cause 
is now being done in the laboratory. In the 
near future we will be able to report a more 
consummate method adoptable for all sulfates. 


Summary 


A new reagent, “ Tin(II)-Strong Phosphoric 
Acid”, has been prepared to permit a rapid 
and simple determination of sulfates by reduc- 
ing to hydrogen sulfide. The reagent is 
stable at a room temperature but reacts 
violently above 120°C. Evolved hydrogen 
sulfide after the reaction with this reagent 
is absorbed in zinc acetate-acetic acid solution 
and titrated iodometrically as usual. 1 ml. 
of 0.02N iodine solution corresponds to 0.9607 
mg. of sulfate ion. The apparatus for the 
preparation of the reagent and reduction of 
sulfate are illustrated. The determination 
of sulfur in various sulfates was carried out 
by this method and satisfactory results were 
obtained. Moreover, it seems to be an advan- 
tage of this method that solid samples can 
be treated directly in the reaction vessel. 

The expense of the present research has 
been paid in part by a Grant for Scientific 
Research from the Ministry of Education. 


Department of Chemistry, Faculty of 
Science, Kanazawa University, 
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TinII)-Strong Phosphoric Acid Reduction Method 
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Sulfur in organic compounds is usually 
determined by the Pregl, the Carius, or the 
fusion method. In all these methods sulfur 
in organic compounds is oxidized to sulfate 
by the dry or wet combustion method and 
then commonly estimated gravimetrically as 
barium sulfate. In other cases for the deter- 
mination of sulfate formed by combustion, 
various volumetric or colorimetric methods 
have been described. Since all these methods 
are composed of two step procedures, i.e. 
the decomposition of samples and the esti- 
mation of sulfate, they require patient time 
and skilful technique. Recently the new 
methods based on a reduction with metallic 
potassium” or lithium” have been reported 
on the determination of organic sulfur, but 
they are not yet generally accepted. 

In this laboratory for the last four years 
strong phosphoric acid has been used as a 
very excellent reaction medium for many 
analytical purposes, and the new methods 
for the determination of elementary carbon”, 
oxidation value of organic compounds®, and 
nitrogen in organic compounds®® using a 
strong oxidizing action of iodic acid in this 
medium have been already investigated. 
Recently in this laboratory it was also found 
that tin(II)-strong phosphoric acid has such 
a strong reducing action that sulfates can 
be quantitatively reduced to hydrogen sulfide 
by heating with it. By means of this reac- 
tion, sulfates can be very rapidly and simply 
determined volumetrically”. 

The present study has been carried out 
with the purpose of establishing a new rapid 
method for the determination of sulfur in 
organic compounds by means of this new 
reducing agent, tin(II)-strong phosphoric acid. 

In this method sulfur in organic compounds 
is reduced to hydrogen sulfide by heating 
with the tin(II)-strong phosphoric acid rea- 
gent in the stream of carbon dioxide, and 

1) W. Zimmermann, Microchemie ver. Microchim. Acta, 

40, 162 (1952). 

2) M. Vecera, Chem. Listy, 48, 613 (1954). 

3) T. Kiba, S. Ohashi, T. Takagi and Y. Hirose, 

Japan Analyst, 2, 446 (1953). 

4) S. Ohashi, This Bulletin, 28, 171 (1955). 

5) S. Ohashi, ibid., 28, 177 (1955). 

6) S. Ohashi, ibid., 28, 537 (1955). 


7) T. Kiba, T. Takagi, Y. Yoshimura and I. Kishi, 
ibid., 28, 641 (1955). 
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absorbed into zinc acetate solution. After 


the above reaction, by adding the definite 
amount of iodine solution into the absorbent 
solution and titrating the excess iodine with 
a standard solution of sodium thiosulfate, 
the sulfur is volumetrically determined. The 
procedure mentioned above in outline is for 
convenience called “ Procedure A”. 

Since the sulfur contained in the com- 
pounds such as methylorange or cystine is 
easily reducible, it can be readily determined 
by the Procedure A. But the sulfur in the 
compounds such as thiourea or methionine 
can not be directly reduced by tin(II)-strong 
phosphoric acid. In such a case, after oxi- 
dizing the combined sulfur to sulfate or 
sulfonate by heating with chromium(VI)- 
strong phosphoric acid, the sulfur should be 
reduced to hydrogen sulfide by treating with 
tin(II)-strong phosphoric acid. This procedure 
is called “Procedure B”. Chromium(VI)- 
strong phosphoric acid is also a new strong 
oxidizing agent which has been found in the 
author’s laboratory. 


Apparatus 


The apparatus used in this study is shown in 
Fig. 1. It is composed of two parts, a reaction 
vessel A and an absorption vessel B. The vessel 
A is closed at the top by means of a rubber 
stopper R, through which a gas-introducing tube 
and a thermometer-protecting tube are inserted. 
Both tubes are connected with a rubber tube T. 
In the middle of the vessel A, there is a constricted 
part above which a small glass lock is set to 
protect it against the backstream of gas. As at 
high temperature strong phosphoric acid has a 
strikingly corrosive action against glass, the bot- 
tom glass of the vessel A, after being used many 
times, will become thin and be broken at last. 
Therefore, when it becomes thin to a certain 
extent, it should be thicken by heating with a 
gas burner. 

The absorption vessel B is composed of three 
100 ml. Erlenmeyer flasks which are connected 
to each other with glass tubes and rubber tubes. 
The first flask is a guard one and the second 
and third are absorption flasks. 


Reagents 


Strong Phosphoric Acid.—Extra pure grade 89% 
orthophosphoric acid was dehydrated by heating 
until the temperature of the liquid reaches 300°C. 
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Fig. 1. 
Reaction Vessel 
Absorption Vessel 
Thermometer 
Thermometer-Protecting Tube 
Gas-Introducing Tube 


ZOOWDY 


Its specific gravity was about 1.938. 

Tin(11)-Strong Phosphoric Acid.—In a flask 20g. 
of extra pure grade tin(II) chloride dihydrate was 
dissolved in 200g. of strong phosphoric acid pre- 
pared as mentioned above and the mixture was 
heated at 300°C in the stream of carbon dioxide. 
By means of this treatment not only hydrogen 
chloride in the mixture was expelled, but also 
the trace of sulfur contained in tin(II) chloride 
was removed. The tin(II)-strong phosphoric acid 
thus prepared was stocked in a 100 ml. buret, 
which had an anhydrous calcium chloride-filled 
guard tube at the upper end, because strong 
phosphoric acid is very hygroscopic. 

Chromium(V1)-Strong Phosphoric Acid.—In a bea- 
ker 15g. of extra pure grade potassium dichro- 
mate was dissolved in 200g. of strong phosphoric 
acid by heating on a water bath. This reagent 
was also stocked in the same manner as in the 
case of the tin(II)-strong phosphoric acid reagent. 

Zinc Acetate Solution.—In about 200 ml. of water 
40g. of zinc acetate dihydrate and 30ml. of 
glacial acetic acid were dissolved and the solution 
was diluted to 1 liter. 

Iodine Solution.—About 0.02N iodine solution 
prepared from iodine and potassium iodide was 
standardized against a 0.02 N standard solution of 
sodium arsenite. 

Sodium Thiosulfate Solution.—About 0.02 N sodi- 
um thiosulfate solution was standardized against 
the above-mentioned 0.02 N iodine solution. 

Carbon Dioxide.—Carbon dioxide was prepared 
from calcium carbonate and hydrochloric acid in 
a Kipp’s apparatus and used after washing with 
potassium permanganate solution and the zinc 
acetate absorbent solution described above. 


8) S. Ohashi, ibid., 28, 537 (1955). 
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Apparatus 

F: Glass Lock 

G: Electric Heater 
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Absorption Flasks 
Rubber Stoppers 
Rubber Tubes 
Guard Flask 


Procedure 


Procedure A.—Weigh accurately a 10 to 30 mg. 
sample, depending upon its sulfur content, into a 
small weighing tube; choose the sample weight so 
that the liberated hydrogen sulfide will consume 
a half of the 0.02 N iodine solution, which will be 
used thereafter. Place the sample at the bottom 
of the reaction vessel and 7ml. of tin(II)-strong 
phosphoric acid in it from the stock buret. Add 
each 20ml. of the absorbent solution in both 
absorption flasks. Connect each part of the 
apparatus, expel the air in the reaction and 
absorption vessel by letting carbon dioxide flow, 
and heat the reaction medium at 250°-300°C for 
twenty minutes by means of a small electric 
heater. The hydrogen sulfide liberated from the 
medium is absorbed into the absorbent solution 
by sweeping with carbon dioxide and forms the 
white precipitate of zinc sulfide. After absorbing 
all of the liberated hydrogen sulfide, detach the 
absorption vessel from the reaction vessel and 
add 20 ml., the total amount, of the 0.02N iodine 
solution in both absorption flasks at a suitable 
ratio. Usually the last flask does not contain 
zinc sulfide. 

From a buret add the 0.02 N sodium thiosulfate 
solution to both absorption flasks until the greater 
part of the yellow color of iodine disappears. 
Transfer the solution in the flasks to a 300ml. 
conical beaker, wash the flasks and the gas-con- 
ducting glass tubes with water, and titrate the 
excess iodine with the sodium thiosulfate solution 
in the presence of starch as indicator. If ¢, ml. 
is the volume of 0.02 N iodine solution used and 
te ml. the volume of 0.02N sodium thiosulfate, 
then, 


December, 1955] 


S% =(t; —t2)32.066/sample weight (mg.). 


Procedure B.—Place a sample at the bottom of 
the reaction vessel, add 4ml. of chromium(VI)- 
strong phosphoric acid in it from the stock buret, 
and warm the contents of the vessel on a water 
bath for about ten minutes. Next, gently heat 
the vessel on the electric heater for a few minutes. 
By this treatment all of the excess chromium(VI) 
compound, which will consume, if remains, the 
tin(II)-strong phosphoric acid, is decomposed to 
the green chromium(III) one. This chemical pro- 
perty of chromium(VI)-strong phosphoric acid is 
very interesting and advantageous for the present 
purpose. After the addition of tin(II)-strong phos- 
phoric acid to the mixture in the reaction vessel, 
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treat it subsequently in the same manner as in 
the Procedure A. 


Results and Discussion 


Analyses of some known organic com- 
pounds containing sulfur were carried out by 
this method. The results obtained by using 
the Procedure A are listed in Table I. It 
shows that sulfonic acid (methylorange), 
amide of sulfonic acid (sulfur guanidine), 
and an easily reducible sulfur such as that 
of cystine can be determined by the direct 
reduction method with tin(II)-strong phos- 
phoric acid. 


TABLE I 


DETERMINATION OF SULFUR IN ORGANIC COMPOUNDS BY THE PROCEDURE A 


aces Sulfur Sample Sulfur Content 
Substance Content Weight " . ee 
; . Found, Deviation, 
% mg. % % 
Sulfur guanidine 14. 97 y= Be 15.0 0.0 
NH2CgH,;SOszNHC(NH)NHe ” 15.4 -0.4 
” 15.3 +0.3 
” 15.3 +0.3 
Y 14.9 —0.1 
y 15.3 +0.3 
y 15.1 +0.1 
Methylorange 9.80 29.4 9.7 0.1 
NaO;SCsH,N NCgHyN(CH3)2 30.0 9.6 0.2 
30.5 10.0 -0.2 
22.2 10.3 -0.5 
Cystine 26.69 12.3 25.2 1.5 
(HOOCC H(NHg2)CH2S-)s ” 25.8 0.9 
y 26. 4 0.3 
7 ‘ 26.5 0.2 
” 25.2 1.5 
TABLE II 


DETERMINATION OF SULFUR IN ORGANIC COMPOUNDS BY THE PROCEDURE B 


. Sulfur 
S 
Substance Content, 
% 
Methionine 21.49 
CH;:SCH2CH2CH(NH2)COOH 
‘Thiourea 42.12 
CS(NHo)2 
Acetylmethionine 16.77 


CH;SCH2CH2CH(NHCOCH;)COOH 


vn Sulfur Content 
Weight, Found, ; Deviation, 
mg. % % 
14.1 22.2 +0.7 
, 21.9 +0.4 
a 22.3 +0.8 
‘ 3.7 +0.2 
‘ 21.8 +0.3 
f 22.2 +0.7 
_ 9.07) _ 
. 6. 4») — 
10.9 41.0 1.1 
9.3 42.2 +0.1 
27.5 40.7 “1.4 
10.5 41.5 0.6 
7.3 20. 4°) ai 
7.3 11.3° _ 
15.6 17.1 +0.3 
14.0 17.0 +0. 2 
16.2 16.6 “0.2 
20.5 16.3 “0.5 
11.4 16.9 +0.1 
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TABLE II (Contd.) 


Sulfur 
Content, 
% 
Thionalide 14.76 

CiHzNHCOCH2SH 


Substance 


a) Oxidation with hydrogen peroxide. 


Sample Sulfur Content 

Weight, Found, Deviation, 
mg. % % 
16.7 15.1 +0.3 
14.4 45.5 +0.7 
20.2 14.9 +0.1 
16.0 14.5 0.3 
19.7 14.4 -0.4 
15.4 14.3 -0.5 
16.8 14.6 0.2 
23.1 13.1° 1.7 
15.4 13.6°) 1.2 


b) Oxidation with a mixture of potassium permanganate and strong phosphoric acid. 


c) Determination by the Procedure A. 


The results of analyses carried out by the 
Procedure B are shown in Table II. Sulfur 
in methionine, thiourea, acetylmethionine, 
and thionalide can be determined by the 
oxidation with chromium(VI)-strong phos- 
phoric acid followed by the reduction with 
tin(II)-strong phosphoric acid. The results 
obtained for methionine by using some oxi- 
dizing agents besides chromium(VI)-strong 
phosphoric acid and for thiourea by the 
direct reduction method (Procedure A) give 
all extremely low values as shown in Table 
II. For thionalide the Procedure A gives 
nearly correct values, but the Procedure B 
is more suitable. 

For the analyses of sulfur guanidine, cys- 
tine, and methionine, dissolving the definite 
amounts of the samples in water or diluted 
hydrochloric acid, the aliquots of the obtained 
solution were evaporated in the reaction 
vessel and treated by the previously described 
procedure. 

The determination of sulfur can be done 
by the Procedure A or B for thirty or forty 
minutes, respectively. With reference to ra- 
pidity of analysis this method is much more 
excellent than the various old ones. Accu- 
racy of this method is not yet satisfactory, 
but it is useful enough for a routine analysis. 
The main source of the error may be pro- 
bably due to the traces of sulfur contained 
in the reagents and apparatus used and of 
hydrogen sulfide remaining in the reaction 
medium. 

The investigation on the chemical compo- 
sition of tin(II)-strong phosphoric acid has 
been carried out in this laboratory” and led 
to the conclusion that the reducing power 
of this reagent is practically based on tin(II) 
ion. It was also found that this reagent, if 


9) T. Kiba, T. Takagi, Y. Yoshimura and I. Kishi, 
ibid., 28, 641 (1955). 


protected from the moisture in the air, can 
be stored for one month without any change 
of its composition. 

Chromium(VI)-strong phosphoric acid is 
decomposed rapidly and completely, if heated 
at about 170°C, but it is not decomposed 
practically, at least for one month, at room 
temperature. This fact is shown in Table 
III. In this experiment, in order to determine 


TABLE III 
STABILITY OF CHROMIUM(VI)-STRONG 
PHOSPHORIC ACID AT A ROOM TEMPERA- 


TURE 
bees weue 0.1N NasS203, KiCrO;, 
g. ml. % 

Nov. 22 1. 233 11.35 1.53 

q 1.679 15. 49 4,54 
Nov. 29 1.803 16. 46 4,47 

y 1.714 15.76 4.50 
Dec. 4 2.545 23. 14 4. 46 

° 2. 306 20. 92 4.45 
Dec. 13 1.771 16.00 4.43 

” 1. 652 14.85 4.41 
Dec. 24 2.119 18.71 4.33 

’ 2.213 19.76 4. 38 


the content of Cr(VI) in chromium(VI)-strong 
phosphoric acid, potassium iodide was added 
to the solution, which was obtained by dis- 
solving the definite amount of chromium(VI)- 
strong phosphoric acid in water, and the 
liberated iodine was titrated with 0.1N 
sodium thiosulfate solution. 


Summary 


1) A new method for the determination 
of sulfur in organic compounds has been 
established. 

2) This method is based on the utillization 
of the reducing power of tin(II)-strong phos- 


rm 


A = -— s «> 


o> wet oes ees 


Pp 99 


9 


December, 1955] 


phoric acid and the oxidizing power of chro- 
mium(VI)-strong phosphoric acid. 

3) Sulfur in organic compounds is reduced 
to hydrogen sulfide by heating with tin(II)- 
strong phosphoric acid directly (Procedure A) 
or after oxidizing with chromium(VI)-strong 
phosphoric acid (Procedure B). 

4) The liberated hydrogen sulfide is ab- 
sorbed in zinc acetate solution and estimated 
by the iodimetry. 

5) The analytical results obtained for 
methylorange, sulfur guanidine, and cystine 
by the Procedure A and for thiourea, methi- 
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onine, acetylmethionine, and thionalide by 
the Procedure B were given. 
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Kiyo EBISAWA 


(Received June 22, 1955) 


Sulphonatable groups of lignin consist of 
different functional groups, namely, X, Z and 
B®”. X and Z groups are sulphonatable even 
at neutral pH; B group is, however, only at 
low pH. B group, or at least a part of it, is 
thought to be a group of lignin, which is 
connected with carbohydrate of wood, or with 
another part of lignin by ether-linkage, or 
glycosidic linkage, or by other types of hy- 
drolyzable linkages. The hydrolyzed B group 
is termed B’ group”. 

Reactivity of the B Group with Thio- 
glycolic Acid.—In the previous communica- 
tion”, it was shown that X and Z groups 
react with thioglycolic acid. It will, there- 
fore, be very interesting to see if B group 
reacts also with thioglycolic acid or not. If 
one lets the low sulphonated lignosulphonic 
acid, and the acids obtained by further sul- 
phonation of it, react with thioglycolic acid 
in homogeneous phase, and sees if the sul- 
phonic acid group introduced to B group in- 
terferes with the reaction with thioglycolic 


1) Part X, H. Mikawa, This Bulletin, 24, 53 (1954); 
Part IX, ibid., 50; Part VIII, H. Mikawa and K. Sato, 
J. Chem. Soc. Japan, Ind. Chem. Sec., 57, 639 (1954). 

2) H. Erdtman, Tech. Assoc. Pulp Paper Ind., 32, 
71, 75 (1949); H. Mikawa, K. Sato, C. Takasaki and 
H. Okada, J. Chem. Soc. Japan, Ind. Chem. Sec., 54, 299 
(1951); B. Lindgren, Acta Chem. Scand., 5, 603 (1951); 
E. Nokihara, J. Agr. Chem. Soc. Japan, 26, 207, 236 
(1952). 

3) H. Erdtman, Research, 3, 83 (1950). 

4) H. Mikawa and K. Sato, J. Chem. Soc. Japan, Ind. 
Chem. Sec., 57, 605 (1954). 


- acid or not, one can expect to obtain a de- 


finite conclusion of this question. 

In order to be sure that the sulphonic acid 
group originally present in lignosulphonic 
acid is not split off by the treatment with 
thioglycolic acid—a condition which must be 
fulfilled in our case-it is necessary to know 
the content of sulphonic acid group of ligno- 
sulphonic acid treated with thioglycolic acid. 
Sulphonic acid group will be very easily es- 
timated by conductometric titration. The 
estimation of the amount of the thioglycolic 
acid residue combined is, however, not so 
simple, because one can not calculate it from 
the difference of the total sulphur content 
and the sulphonic acid sulphur, as reportedly 
the sulphur atom of the lignosulphonic acid 
consists not only of acidic, but also non-acidic, 
so-called “excess sulphur ”® the existence of 
which is also expected in the lignosulphonic 
acid treated with thioglycolic acid. 

Hachihama, Shinra and Kyogoku” titrated* 
conductometrically not only lignosulphonic 
acid, but also a mixture of lignosulphonic 
acid and acetic acid, and observed a distinct 
“ break ” in the titration curve of acetic acid, 
and the so-called weak acidic group of ligno- 
sulphonic acid itself. This fact suggests a 
possibility of estimating thioglycolic acid re- 


5) O. Samuelson and A. Westlin, Svensk Papperstidn., 
50, 141 (1947); 51, 179 (1948). 

6) Y. Hachihama, H. Shinra and Y. Kyogoku, J. Soc- 
Chem. Ind. Japan, 47, 209, 212 (1944). 








650 Hiroshi MIKAWA, Koichiro SATO, Chizuko TAKASAKI and Kiyo EBISAWA [Vol. 28, No. 9 


Ay ag3 
io aaa “ 








5 10 15 20 Mo NaOH ce 
Fig. 1. Conductometric and _ potentio- 
metric titrations of lignosulphonic acid 
(e) and a mixture of lignosulphonic acid 
and acetic acid (o°). 
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a 
5 aaa 15 
Fig. 2. Conductometric and _potentio- 


metric titration of lignosulphonic acid 
after reaction with thioglycolic acid. 


sidue by conductometric titration, in spite of 
the presence of a weak acidic group of ligno- 


sulphonic acid itself. Examples of the con- 
ductometric and potentiometric titration 
curves of lignosulphonic acid, a mixture of 
lignosulphonic acid and acetic acid, as well as 
lignosulphonic acid treated with thioglycolic 
acid are shown in Figs. 1 and 2. The ex- 
periments of Fig. 1 were performed only in 
order to compare the curves with those of 
Fig. 2. As was reported by Hachihama, 
Shinra and Kyogoku, A-part of Fig. 1 cor- 
responds to SO.H group, B.-part to the weakly 
acidic group, and the acetic acid added was 
titrated at B,-part. The titration curve of 
the lignosulphonic acid treated with thio- 
glycolic acid showed completely the same 
shape as the titration curve of a mixture of 
lignosulphonic acid and acetic acid, in this 
case B,-part being due to carboxyl group of 
thioglycolic acid residue attached to lignin. 
In this case, the separation of the carboxyl 
group of thioglycolic acid residue from the 
“weakly acidic group” is not very distinct, 
but is possible. 

Low sulphonated lignosulphonic acids with 
S/CH;0=0.25-0.3, prepared in the usual 
manner, were sulphonated further at pH 1.8, 
for various periods of hours. Total sulphur 
content, and the sulphonic acid group content 
of the lignosulphonic acids obtained, are shown 
by curves I and II of Fig. 3, and the data 
are summarized in Table I. The difference 


TABLE | 


FURTHER SULPHONATION OF LIGNOSULPHON Ic AC DS 





~ Condition of 
further 
sulphonation 


S in the 

Total form of 
pH hrs. S SO;3H 
LSLSAa — — 3.19 2.97 
1.8 3 5.80 5.49 

8 6. 46 a 

16 8.16 6. 98 
24 7.76 S40 
LSLSAp —- 3. 00 2.98 
1.8 3 5. 31A 4. 87 
8 6.10B 5.72 
24 8.21C 6. 68 
10+10* 6.70 6.12 
10+10+16 7.65 6. 09 

LSLSA, — — 3.54 3.04 
5.8 20 5.73 4.99 
20+ 20 | 6.20 4.76 
8.5 10 4, 25 3.94 
10+30 | 4,84 4.63 
or. 10+30+20 | 5.01 1. 27 
LSA —- — 6. 80 6. 00 
(from .  &% 3 6. 24D 5.71 
indust. 8 | 6.32E 5. 82 
waste | 16 | 6.78F 6.15 
liquor) | 2 @8©| 7.12G 6.42 


Analyses of Ba-LSA after further sulphonation 


weak acidic 


group Total 
CH;0 equiv. /CH;0 $/CH;0 $O;H/CH;O 

12.8 0. 21 0. 24 0. 23 
11.6 0. 27 0. 48 0. 45 
13.2 — —— -— 
10.5 0. 30 0.75 ae 
10. 2 0. 32 0.74 0.55 
12.8 0.18 0. 23 0. 23 
10.8 0. 25 0. 48 0.444 
10.1 0. 26 0.59 0.57B 
10. 4 0. 30 0.77 0.63C 
10. 2 0. 26 0.64 0.58 

9.9 0. 28 0.75 0. 60 
11.6 0. 20 0. 29 0. 25 

9.8 0. 20 0.57 0.49 
11.2 0. 24 0.54 0. 41 
11.4 0. 22 0. 36 0.34 
10.9 0. 27 0. 43 0. 41 
11.0 0. 28 0. 44 0. 38 
10.5 0. 24 0.63 — 0. 56 
10.8 0. 24 0.56 0.52D 
10.5 0.25 0.58 0.54E 
11.4 0. 24 0.58 0.52F 
10.3 0. 24 0.67 0. 60G_ 





LSLSA=low sulphonated lignosulphonic acid, LSA =lignosulphonic acid *10+10 means ‘that the 


sulphonation was continued another 10 hr. 
LSA after the first 10hr. of sulphonation. 


with fresh liquor after isolating and purifying 
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after {the reaction with thioglycolic acid 
Sulphonation 
—$—_> 








0 20 hrs. 


Fig. 3. Further sulphonation of low sul- 
phonated lignosulphonic acid (LSLSA) 
and reaction of further sulphonated 
LSLSAp with thioglycolic acid. 


of these two curves corresponds to the so- 
called “excess sulphur”, which is not acidic 
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to B’-group interferes with the reaction with 
thioglycolic acid, from which it may be con- 
cluded that thioglycolic acid is able to com- 
bine with the B’-group too. Thioglycolic acid 
reacts with some another group, however, 
even after the complete sulphonation of 
lignin. This fact is most clearly shown by 
the lignosulphonic acid isolated from _ in- 
dustrial waste liquor. As is known the ligno- 
sulphonic acid obtained from the waste liquor 
of industrial cooking can not be sulphonated, 
which is also clear from the lowest part of 
the table. Such lignosulphonic acid is, there- 
fore, completely sulphonated, but does react 
with thioglycolic acid to some extent as is 
shown in the third column from the right 
side of Table II. 


TABLE II 
ANALYSES OF Ba-SALT A-G AFTER REACTION WITH THIOGLYCOLIC ACID 


Total Thio S$+S0O;H 


LSA Total S SO;sH ThioS CH;O SO,H/CH;O (CHO S/CHLO wer CHAO 
A 8.47 3.37 5.1 8.20 0. 40 0.61 1.00 1.01 
B 8.56 3.90 4.55 8.95 0. 42 0.49 0.93 0.91 
Cc 8.22 4.59 3.57 8.73 0.51 0. 40 0.91 0.91 
D 7.34 4. 20 3.34 8.98 0.45 0.36 0.7 0.81 
E 7.61 4.33 3.02 8.89 0.47 0.33 0.83 0.80 
F 7.48 4.56 3.02 8.95 0.50 0.33 0.81 0.83 
G 7.42 4.56 2. 82 8.88 0.50 0.31 0.81 0.81 


in nature. Lignosulphonic acids with various 
degrees of sulphonation thus obtained, were 
heated with aqueous thioglycolic acid solution 
in 1N hydrochloric acid, for ten hours at 
100°C-the condition confirmed by the prelim- 
inary experiment, to be sufficient to complete 
the reaction. Because of the low solubility 
of the “low sulphonated lignosulphonic acid ” 
in aqueous acidic solution of thioglycolic acid, 
this acid was not suitable for our purpose. 
Curves III and IV of Fig. 3 are the conduc- 
tometrically obtained (Thio S)/CH;0 and 
SO;H/CH;0O, after the reaction with thiogly- 
colic acid, where “‘ Thio S” means the sulphur 
due to the thioglycolic acid residue in the 
sample. 

From the results shown in Fig. 3, it is 
evident that the sulphonic acid group orig- 
inally present in the lignosulphonic acid is 
split off by the treatment with thioglycolic 
acid, by the amount of the difference of 
curves II and IV. This amount is however 
not so large as to invalidate the following 
discussion. As the content of the total sul- 
phur and the sulphonic acid group increases 
along with the curves I and II, the amount 
of the thioglycolic acid group introduced 
drops rapidly to about 0.4 Thio. S/CH;O. 
Thus, the sulphonic acid group introduced 


The fact that the values of the last two 
columns of the table, i.e. those for analytically 
obtained (Total S)/CH;0 and (ThioS +S0O,;H)/ 
CH;0O, coincide well after the reaction with 
thioglycolic acid, indicates that “excess sul- 
phur” which had been contained in the or- 
iginal lignosulphonic acid was eliminated 
during the reaction with thioglycolic acid. 

On the Amount of the B-group.—Among 
the three different sulphonatable groups, the 
amount of X and Z groups are found to be 
about 0.12-0.14/CH;0”. The structure of 
these two groups are now almost clear, but 
that of B group is not so certain. The 
amount of this group was estimated by 
Lindgren” to be as much as 0.7/CH;0. If 
this figure is correct, the sulphonatable groups 
with known structure, ie. X and Z groups, 
are not more than one third of the total 
sulphonatable groups. 

Further sulphonation of the low sulphonated 
lignosulphonic acid was studied by Leopold*, 
and by his experiments it was made clear 
that the amount of sulphur introduced to 
lignin increased nearly up to one per me- 
thoxyl. Assuming the amount of the sum 
of X and Z groups as 0.3/CH;0 the amount 


7) B. Lindgren, Svensk Papperstidn., 55, 78 (1952). 
8) B. Leopold, Acta Chem. Scand., 6, 64 (1952). 
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of B group was estimated as 1-0.3=0.7. This 
conclusion was drawn from the analytically 
obtained total sulphur content of the ligno- 
sulphonic acid. As stated before, it was 
however made clear by Samuelson that not 
all of the sulphur of lignosulphonic acid con- 
sisted of acidic sulphonic acid group, being 
partly non-acidic sulphur, which he called 
“excess sulphur”. If this excess sulphur 
combines with B-group, the amount of this 
group must be estimated from the total sul- 
phur of the completely sulphonated ligno- 
sulphonic acid. If, on the other hand, the 
excess sulphur does not combine with B group, 
the amount of this group must be estimated 
from the amount of the sulphonic acid group 
of the carefully and completely sulphonated 
lignosulphonic acid. 

For this purpose the low sulphonated ligno- 
sulphonic acid was sulphonated further at 
pH 1.8, 5.8 and 8.5, and the data obtained are 
shown in Table I and in Fig. 4. Curves I 
and II are (Total S)/CH,O, and SO,H/CH,O 


08 gall —! 


) 
-—--W pay 








06 ,) Cae —, pas 4 - hrs 
04 Tianna 5 %q jones 
wt —w 
= Sulphonation ; 
0 20 3 COC«SO 50 @ brs 
Fig. 4. Further sulphonation of low sul- 
phonated lignosulphonic acid at three 
pH’s. 
pH 1.8 5.8 8.5 
TotalS @I @VII alll av 
SO;H IL Oll AIV AVI 


Curves I @ and II © are the same with 
I and II of Fig. 3. 

Curves VII @ and II © were obtained 
at pH 1.8 changing cooking acid re- 
peatedly with fresh one and purifying 
lignosulphonic acid. 

Curve VIII is the amount of weak acidic 
group of lignosulphonic acids obtained 
at pH 1.8 in (equiv.)/OCH3; scale. 

*+-X-+s are the data reported by Erdt- 
man and Leopold for (Total S)/OCH; 
at pH 1.8, 3.4 and 5.8. 


of the lignosulphonic acids, obtained at pH 
1.8. As the amount of sulphonic acid group 
is, however, considerably less than the total 
sulphur, and reaches its saturation value 
much earlier; the total amount of the sul- 
phonatable group seems to be only about 0.6 
per methoxyl, although it might not be im- 
possible that some part of B’ group had been 
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changed to unsulphonatable structure during 
the reaction. Even if one carries out the 
sulphonation carefuly (curves VII and II), 
i.e. changing the cooking acid frequently with 
fresh acid and at the same time, isolating 
and purifying the lignosulphonic acid, the 
amount of the sulphonic acid group never 
exceeds 0.6- the value, obtained by ordinary 
one-step sulphonation. The difference be- 
tween the total sulphur and the sulphonic 
sulphur is much smaller in this case, and 
consequently, the curve for the total sulphur 
(VII) approaches that of the sulphonic sul- 
phur (II). If such were the case, many high 
values of the analytically obtained sulphur 
content of lignosulphonic acid reported in the 
literature might be due to the nonacidic “ ex- 
cess sulphur ”’, which was introduced to some 
non-sulphonatable group, probably by thio- 
sulphate formed during the sulphonation. 
From this point of view, the total amount 
of B group may be estimated, as only about 
0.6-(X+Z)=0.3~0.35 per methoxyl. The low 
sulphonated lignosulphonic acid, obtained 
from the sulphonated wood by Kullgren 
process can not represent the total lignin, 
contained in the wood. Lignosulphonic acid 
prepared from industrial waste liquor has, 
however, also about 0.6 SO,;H/CH;0O. 

The amount of the weakly acidic group 
of lignosulphonic acid (curve VIII, Fig. 4) 
seems to remain nearly constant, irrespec- 
tive of the further sulphonation. It is re- 
markable that even the so-called low sul- 
phonated lignosulphonic acid contains nearly 
the same amount of weakly acidic group. 
The nature of this weak acidic group will 
be investigated in the next communication. 


Experimental 


Preparation of the low sulphonated ligno- 
sulphonic acid.—The method used is essentially 
the same with that of Erdtman”®. Extractives 
free wood meal (100 mesh, 200g.) was heated 
with neutral sulphite solution (pH 5.7, 1.5 1) to 
135°C within 3hrs. and kept at this temperature 
for 14hrs. Sulphonated wood meal thus obtained 
was washed well with HCl (0.3%), and subse- 
quently with distilled water, until free from Cl-, 
heated twice with water for 4 hrs. each at 90°C, 
the combined extracts concentrated in vacuo, and 
the extracted low sulphonated lignosulphonic acid 
was precipitated by adding 1-(N-piperidinoacetyl- 
amino)-naphthalene sulphate. The precipitate 
was washed with water until neutral pH, decom- 
posed with 1% NaOH, and the free base separated, 
was filtered next day. The filtrate was passed 
through Amberlite IR 120 in hydrogen form, 
neutralized with BaCO;3, centrifuged, and the 
supernatant solution was poured into absolute 





9) C. Kullgren, Svensk Kem. Tid., 44, 15 (1932); 
H. Erdtman, Svensk Papperstidn., 48, 75 (1945). 
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alcohol. The precipitated Ba-lignosulphonate was 
separated by centrifuge, washed well with alcohol, 
ether and petroleum ether successively. 

Further sulphonation of Ba-lignosulphonate. 
—Ba-lignosulphonate (16 g.) to be sulphonated was 
dissolved in water, freed from barium by cation 
exchanger, sodium hydroxide (16g.) added, and 
SOz was bubbled, until pH was lowered to the 
desired value (1.8-8.5), and the total volume was 
adjusted to 400ml. by water. The solution was 
divided into four ampoules and heated at 135°C. 
After the sulphonation, the content was evacuated, 
passed through cation exchanger, evacuated again 
in order to expel SOzg, and the lignosulphonic acid 
was precipitated by 1-(N-piperidinoacetylamino)- 
naphthalene sulphate. The precipitate was treated 
as above. 

Preparation of Ba-lignosulphonate from in- 
dustrial waste liquor.—The waste liquor was 
dialyzed with cellophane membrane for 1-2 weeks, 
neutralized with BaCQO;, centrifuged, and the 
solution was poured into alcohol. The crude salt 
thus obtained was dissolved in water, passed 
through cation exchanger in hydrogen form, and 
the lignosulphonic acid was purified by the same 
precipitating agent as before. 

Reaction of lignosulphonic acid with thio- 
glycolic acid.—Ba-lignosulphonate (1 g.) was dis- 
solved in water, passed through cation exchanger, 
thioglycolic acid (3 g.) and dil. HCl added, and the 
whole was made up to 30 ml. and adjusted to 1N 
with respect to HCl. The solution was heated at 
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100°C for 10hrs., extracted continuously with 
ether in order to remove excess thioglycolic acid, 
and the lignosulphonic acid was separated by the 
precipitating agent, and processed just the same 
as mentioned above. 

Analyses.—Sulphur with micro Carius and 
CH;0 according to Vieb6ék-Blecher and Gran™. 
Conductometric and potentiometric titrations were 
performed with a solution of lignosulphonic acid, 
which was prepared by passing a solution (20 ml.) 
of Ba salt (500mg.) through cation exchanger, 
and making up to 50 ml. with water. 


Summary 


B-group of lignin reacts with thioglycolic 
acid. Total amount of the sulphonatable 
groups of lignin is about 0.6/CH;O, the amount 
of B-group being consequently 0.3-0.35/CH;0. 
Higher S/CH;O0 values reported in the liter- 
ature may be due to the presence of non- 
acidic “excess sulphur”. 


The authors are indebted to Dr. H. Okada, 
the head of our laboratory, and to Miss. S. 
Suehiro for their encouragement. 


Research Laboratory of the Kokusaku Pulp 
Co., 184, 1-Chome, Kamiochiai, 
Shinjuku-ku, Tokyo 


10) G. Gran, Svensk Papperstidn., 55, 255 (1952). 


On the Nature of 


the weakly Acidic Group of Lignosulphonic Acid 


By Hiroshi Mikawa, Koichiro SATO, Chizuko TAKASAKI and Kiyo EBISAWA 


(Received June 22, 1955) 


It is a well known fact that the sulphite 
spent liquor shows considerable buffering 
action for neutralization. This phenomenon 
is clearly shown by the conductometric titra- 
tion of the waste liquor. Among others, 
investigations of Hachihama”, Samuelson”, 
and Adler® made clear that this buffering 
action is due to the presence of sulphurous 
acid, organic acids, i.e. formic, acetic etc., so 
called loosely combined sulphurous acid, and 
some weakly acidic group of lignosulphonic 
acid itself. As the elucidation of the nature 

1) Part XI, Preceeding Paper, p. 649. 

2) Y.Hachihama, H. Shinra and Y. Kyogoku, J. Chem. 

Soc. Japan, Ind. Chem. Sect., 47, 209, 212 (1944). 

3) S. Regestad and O. Samuelson, Svensk Kem. Tid., 

61, 9 (1949). 


4) E. Adler, Svensk Papperstidn., 50, 261, No. 11B 
9 (1947). 


of the weakly acidic group of lignosulphonic 
acid is very interesting not only from the 
scientific, but also from the technical point 
of view, we will deal with this problem in 
the present communication. 

It has been open to question, whether this 
group, which amounts to approximately one 
equivalent per 4-5 methoxyl groups, is car- 
boxylic or phenolic in nature. Hachihama et 
al. assumed this to be phenolic, and Samuelson 
supposes that this may becarboxylic. As both 
carboxy] and phenolic hydroxyl groups are 
usually methylated by diazomethane to ester 
and phenol-ether groups respectively (some 
exceptions exist however : for example phenolic 
hydroxyl groups of conidendrin™, and 3,3’- 


5) F. Brauns, J. Org. Chem., 10, 216 (1945). 
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dimethoxy-4.4’-dihydroxy diphenylmethane® 
were not methylated by diazomethane), it is 
expected that such a weakly acidic group 
must disappear after the methylation, and 
must reappear by alkaline hydrolysis, if the 
methylated group were carboxyl. Hachihama 
and Kyogoku observed recently that the 
weakly acidic group of lignosulphonic acid 
disappeared by methylation with dimethyl 
sulphate”. 

a-Lignosulphonic acid of spruce origin 
(lignosulphonic acid A, S/CH,;O0=0.44) has a 
considerably large weakly acidic group (one 
equivalent per 4.7 CH;O), as is evident from 
curve I Fig. 1, but this group disappears 


* ! 


8 





4 


cc Mo NaOH 
2 4 6 8 0 R 4 16 18 20 


Fig. 1. Conductometric titration of ligno- 
sulphonic acid A (I), diazomethylated 
lignosulphonic acid A (II), diazomethane 
methylated lignosulphonic acid A after 
hydrolysis in nitrogen atmosphere at 30° 
for 72 hr. in 1N NaOH (III) (Absorption 
spectra taken at a, b, c and d are shown 
in Fig. 2.) and the cond. and potent. titra- 
tions of lignosulphonic acid A after being 
kept in 1N NaOH for 48 hr. at 30° ina 
closed vessel with air (IV, IV’). 


after methylation with diazomethane (curve 
II). This weakly acidic group which once 
disappeared was regenerated more than 50% 
after mild alkaline hydrolysis in nitrogen 
atmosphere, the hydrolysis condition being 
selected so as to be sufficient to hydrolyze 
ferulic acid methyl ester completely, i.e. 1N 
NaOH, 30°C, 72 hr., for the reasons to be 
mentioned later (curve III). This result will 
most easily be explained by assuming that 
more than 50% of the weakly acidic group 
consists of carboxylic acid group. The diazo- 
methylated lignosulphonic acid A shows com- 
pletely the same UV-absorption in neutral 
and alkaline media (I, Fig. 2), which fact 
indicates that all phenolic hydroxyl groups 
are completely methylated. The UV-absorp- 
tion curves were taken at point a,b,c and d 
of the conductometric titration curve of 


6) I. Pearl, J. Am. Chem. Soc., 68, 429 (1946). 
7) Y.Hachihama and Y. Kyogoku, Technology Re ports 
of the Osaka Univ., 3, 375 (1953). 
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Fig. 2. Absorption spectra of diazome- 
thylated lignosulphonic acid A (I) (@ 
neutral, OQ 1N NaOH) and of the di- 
azomethylated lignosulphonic acid A 
after hydrolysis measured at points a, 
b, c and d of the conductometric titra- 
tion (curve III, Fig. 1) (II) (@ a, x b, 
Ac, Ad, O 1N NaOH). 


hydrolyzed diazomethylated lignosulphonic 
acid A (III, Fig. 1), without any dilution 
using a very thin cell. All curves superpose 
each other (II, Fig. 2), indicating that the 
phenolic hydroxyl group does not exist even 
after the hydrolysis. The weakly acidic group. 
of this acid must, therefore, be carboxyl in 
nature. Even a slight increase in the num- 
ber of weakly acidic group was not observed 
after keeping lignosulphonic acid A in 1N 
sodium hydroxide for two days, and four 
days, at 30°C in nitrogen atmosphere. The 
carboxylic acid group observed after the 
hydrolysis of the methylated lignosulphonic 
acid must, therefore, be formed from the: 
methylated carboxyl group by hydrolysis, and. 
can not be a carboxylic acid group newly 
formed by oxidation during the hydrolysis. 
Diazomethylation is able to be substituted 
by the methylation with dimethyl] sulphate, as 
is shown in Fig. 3. Here, the conductometric 
and potentiometric titrations of another 
sample of a-lignosulphonic acid (lignosul- 
phonic acid B, S/‘CH;0=0.49) (curves I and‘ 
I’, Fig. 3), conductometric tritration of this. 
acid after methylation with dimethylsulphate- 
(II, Fig. 3), and the conductometric, and 
potentiometric titrations of this methylated 
lignosulphonic acid, after hydrolysis for two- 
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ce Mo NaOH 
2 4 6 8 Ww 12 4 16 ik 


Fig. 3. Conductometric and potentiome- 
tric titration of lignosulphonic acid B 
(I, I’) (Absorption spectra are shown in 
Fig. 4.), cond. titr. after methylation 
with dimethyl sulphate (II), cond. titr. 
of methylated acid after hydrolysis for 
2-13 days at 30° in 1N NaOH (III) and 
the potent. titr. after hydrolysis for 6 
days (III’), percentage of the phenolic 
hydroxyl group ionized during the cond. 
titr. of lignosulphonic acid B along the 
curve I (IV) and the cond. titr. of sodium 
borohydride reduced lignosulphonic acid 
B (V). 


thirteen days are shown (curves III and III’, 
Fig. 3). The results are completely the same 
as in the case of diazomethylation mentioned 


above. This is quite understandable, as ° 


many examples are reported telling that the 
carboxyl group is esterified with dimethyl 
sulphate and alkali, for example, methylester 
from stearic acid®, campholic acid”, gallic 
acid’ etc. More than 50% of the weakly 
acidic group seems again to be carboxyl in 
nature. 

During the conductometric titration of the 
lignosulphonic acid B (Fig. 3, I), one drop of 
the solution was taken out at various points, 
and the UV-absorption of these solutions was 
measured without any dilution, using a very 
thin cell in order not to shift the condition 
of ionization of the lignosulphonic acid at 
these points. The UV-absorption curves thus 
obtained must therefore represent the condi- 
tion of the lignosulphonic acid molecule at 
every stage of the titration. No change of 
the adsorption was observed from point “a” 
(free lignosulphonic acid) to “b” (half way 
of the weakly acidic part, titrant added, 
10 ml.), corresponding to the neutralization 
of sulphonic acid group and the ionization 
of carboxyl group, which may not affect the 
absorption appreciably. After this point, the 
absorbancy at about 300 my rises slowly, and 
this rise is shown clearly by 4e curves of Fig. 


8) A. Werner and W. Seybold, Ber., 37, 3559 (1904). 

9) J. Riedel, D.R.P. 187840, 196152, 

10) P. Graebe and H. Martz, Ann. d. Chem., 340, 219 
(1905). 
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Fig. 4. Difference of the free acid spec- 
trum and the spectra taken at various 
points of the conductometric titration 
of lignosulphonic acid B (cf. Fig. 3, 
Curve I). 


4. de values were obtained by subtracting the 
absorption curve for point “a” from those 
for other points. Here in this figure, only 
the values obtained between 290 my to 310 
my are shown. According to Aulin-Erdt- 
man'», the increase of the absorption at 
about 300 my is attributable to the ionization 
of the phenolic hydroxyl groups, and the 
total amount of the phenolic hydroxyl group 
is proportional to the difference of « values, 
taken at 300 my in acidic or neutral and 
strong alkaline (1N) media. J4e values ob- 
tained in 0.1N and 1N sodium hydroxide is 
also shown in Fig. 4. The increase of de 
value from the half way of the weakly acidic 
part of the conductometric titration, i.e. 
point “b” to the second “ break ” (point “c.”, 
titrant added, 11.9 ml.), is only about 24% 
of the 4e value which corresponds to the 
total amount of the phenolic hydroxyl groups 
ionizable in 1N alkalinity. The percentage 
of the ionized phenolic hydroxyl groups dur- 
ing the titration thus obtained, is shown by 
curve IV of Fig. 3. Thus, one may be able 
to deduce also from such spectroscopic con- 
siderations, that about 50-75% of the weakly 
acidic group may be carboxyl, and the remain- 
ing 50-25% rather strong phenolic hydroxyl 
group. 


11) G. Aulin-Erdtman, Svensk Papperstidn., 55, 745 
(1952); 56, 91, 287 (1953). 
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Aqueous solution of vanillyl sulphonic acid 
was titrated conductometrically, and at the 
same time UV-absorption spectra were meas- 
ured in the same manner as in the case of 
lignosulphonic acid. As seen from Fig. 5, 
the ionization of its phenolic hydroxyl group 





, s7ethlUmk.6 Sh he 


Fig. 5. Conductometric and potentiome- 
tric titrations of vanillyl sulphonic acid 
and the spectroscopically estimated per- 
centage of the ionized phenolic hydroxyl 
group. Beckm. means the measurement 
of absorption by Beckmanspectrophoto- 
meter at the indicated points. 


was complete already at the second “ break ”’. 
From this fact it may be certain that the 
phenolic hydroxy! gruup uf the lignosulphonic 
acid, titrated before the second “ break”, 
must have been ionized before the “ break”, 
and the remaining part, which did not ionize 
before the second “ break ”, did not contribute 
to the weakly acidic part of the conducto- 
metric titration. 

As mentioned earlier, even up to 80-90% 
of the weakly acidic group was regenerated 
after prolonged hydrolysis. Judging from the 
amount of the spectroscopically estimated 
phenolic hydroxyl group, which contributed 
to the weakly acidic group of the lignosul- 
phonic acid, however, it seemed improbable 
that so much carboxyl group existed in ligno- 
sulphonic acid. Lignosulphonic acid is very 
susceptible to oxidation in alkaline medium, 
which is clearly shown by curve IV of Fig. 
1. Here, it is shown that the amount of the 
weakly acidic group of lignosulphonic acid A 
increases very much, after being kept in 1N 
sodium hydroxide for forty eight hours at 
30°C in a closed vessel with air. As ligno- 
sulphonic acid is so susceptible to oxidation, 
it may not be impossible that a slight increase 
of carboxylic acid group occurs, even in the 
case of the hydrolysis in nitrogen atmos- 
phere. 

The phenolic hydroxyl group, titrated be- 
fore the second “break”, must be stronger 
than the remaining phenolic hydroxyl groups. 
As the phenols with carbonyl group, conju- 
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gated with a benzene ring, in its para position 
are generally very strong, the lignosulphonic 
acid B was titrated conductometrically after 
the reduction with sodium borohydride. The 
amount of the weakly acidic group did not 
decrease appreciably by the reduction. The 
titration curve and the UV-absorption are 
shown by curve V of Fig. 3 and by Fig. 6 
respectively. 


1000 





250280 300 320 0 


360380 
Fig. 6. UV-absorption spectra of ligno- 


sulphonic acid B (——) and sodium 
borohydride reduced lignosulphonic acid 
B (----). 


Only lignosulphonic acids prepared from 
spruce were investigated so far, but the acids 
prepared from birch and beech have also 
considerable amount of weakly acidic group, 
the conductometric and potentiometric titra- 
tion curves of these acids being essentially 
the same with the acids of gymnosperm 
origin. Since the lignosulphonic acid is very 
easily oxidized by air in alkaline solution 
as mentioned above, it will naturally be sus- 
pected, if the weakly acidic group is formed 
by air oxidation, during the isolation and 
purification, when the acid is treated with 
alkali. In order to confirm this, the birch 
lignosulphonic acid was isolated and purified 
without using alkali, during the whole pro- 
cess; i.e. after dialysis and ion exchange of 
the waste liquor, the lignosulphonic acid was 
precipitated by 1-(N-piperidino- acetylamino)- 
naphthalene as usual, the precipitate was 
dissolved in aqueous acetone containing some 
amount of sulphuric acid, the solution passed 
through IR 120 in hydrogen form, and the 
eluate was neutralized by barium carbonate. 
The lignosulphonic acid thus prepared had, 
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however, a weakly acidic group as indicated 
in Fig. 7. 





cc ™o NaOH 
Pe .. 2+ 2 = eS es BS 

Fig. 7. Conductometric and potentiome- 
tric titration of birch lignosulphonic 
acid (I, I’) and cond. titr. of beech ligno- 
sulphonic acid isolated and purified 
without being kept alkaline during the 
preparation (II). 





Analytical data of the lignosulphonic acids 
reused, are listed in Table I. Taking example 
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acid A increased from 11.97% to 16.86% by 
methylation with diazomethane. The dif- 
ference, 4.8994, must correspond to the me- 
thoxyl group mainly introduced to the phe- 
nolic hydroxyl group and the carboxyl group. 
If one neglects a slight increase of weight 
by methylation, the value of 4CH;0/CH;0O 
is about 0.4/CH;0. As the amount of the 
phenolic hydroxyl group must be much less, 
one must assume the existence of carboxyl 
group from such a point of view too. 


Discussion 


The existence of a carboxyl group in lignin 
and lignosulphonic acid was advocated by 
some authors, but many others could not 
recognize it’. Friedrich and Diwald'™, and 
Moore, Wright and Hibbert'® recognized a 
little amount of methyl ester group in alcohol 
lignin. Phillips’ thought to have recognized 
carboxyl group in corncob lignin. On the 
basis of analytical composition of lignosul- 
phonic acid salts, Hénig and Fuchs, and 


TABLE I 
ANALYSES OF LIGNOSULPHONIC ACIDS 


. ; Cond. weakly acidic ‘ 
lignosulphonic Anal. SO-H CH.O SO:HIC spectroscopically 
. SO; group 3 3H/Co a“ 
acid S% S% equiv. /Co measured OH*/C9 
A 1) 6. 81 5. 45 one/4.7 11. 97 0. 47 — 
after CHz2Nz methylation 5.63 5.10 zero 16. 86 — zero 
B 2) 6. 67 5. 76 one/4.8 11.32 0.51 0. 21-0. 17 
after methylation 
with (CH3)2SO, — 5.34 zero 16. 70 —_— zero 
beech 3) 6.90 5.76 one/2.5 15.01 0.56 _— 
birch 4) 8.00 4.75 one/3.5 15. 20 0.53 0. 26-0. 21 
1) CoH10.402.77(C H30)).03(SO3Ba/2)o.17S0.12 Bayon 
2) CoHi0.703.2(CH30)1.05 (SO3Ba/2)o.51So.03 Bag.on 
3) CoHo.9203.25(CH30)1.5x(SOsBa/2)o.s6Sp.it Bag.os 
4) CoHy.9s02.87(CH30)1.10(SOsBa/2)o.5sS0.55 "Bags 
in the lignosulphonic acid B, this acid contains Klason’? thought to have _ recognized 


0.04 mol. excess barium per Cy, which is not 
combined with the sulphonic acid group, and 
one equivalent weakly acidic group per 4.8 
CH;0, i.e. 0.22 equivalent per Cy, unit. Pro- 
vided that the excess barium is combined 
with the carboxyl group, it is calculated from 
these data that the carboxyl group amounts 
to about 36% of the weakly acidic group. 
It will, however, be possible that only a part 


-of the carboxyl group is neutralized with 


barium, as the neutralization was performed 
with barium carbonate, and the carboxyl 
group seems to be a very weak one. 

As can be seen from Table I, the content 


-of the methoxyl group of the lignosulphonic 


carboxy! group in some lignosulphonic acid 
preparations. Some barium salt had Ba/S 
values slightly higher than 0.5. Freudenberg 
et al.' reports that the lignosulphonic acid, 
prepared at relatively low temperature of 
70°C, contained 1.8-2.8% of carboxyl groups. 


12) Y.Hachihama and S. Jodai, *‘Chemistry of Lignin”, 
Nihonhyoron Press., Tokyo (1946), p. 391. 

13) A. Friedrich and J. Diwald, Monatsh., 46, 31 
(1925). 

14) R. Moore, G. Wright and H. Hibbert, Can. J. Res., 
15B, 532 (1937). 

15) M. Phillips, J. Am. Chem. Soc., 53, 768 (1931). 

16) M. Hénig and W. Fuchs, Monatsh., 41, 215 (1920). 

17) P. Klason, Ber., 53, 1864 (1920); 55, 455 (1922); 
56, 300 (1923). 

18) K. Freudenberg, W. Lautsch and G. Piazolo, Cel- 
lulosechem.,,22, 97 (1944). 
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Kullgren™ reports recently that the ligno- 
sulphonic acid in unbleached sulphite pulp 
seems to have carboxyl group. With many 
lignin preparations it is recognized, however, 
that Ba/S is practically 0.5, which fact was 
thought to suggest that the preparations did 
not contain carboxyl groups””. However, as 
Samuelson and Westlin?” found that ligno- 
sulphonic acid contained a little amount of 
non-acidic sulphur, which he called “excess 
sulphur”, one can not attribute the apparent 
equivalence of barium and sulphur in the 
lignosulphonic acid, directly to the non-exis- 
tence of the carboxyl group. 

As lignin contains cinnamic aldehyde side 
chain, —CH=CH—CHO, although in very 
limitted amount?”’, it may not be improbable 
that a part of such a group is oxidized to 
cinnamic acid group, -CH=CH—COOH, just 
as the formation of aldonic acid from aldose, 
during the cooking reaction”. It may, how- 
ever, be quite impossible, to ascribe so much 
carboxyl group as one per 8-9 methoxyl 
observed in a-lignosulphonic acid, to such 
origin, as reportedly, the amount of cinnamic 
aldehyde side chain is so little as one per 
about 50 methoxyl, and, moreover, this group 
survives at least partly even after the sul- 
phonation reaction. ‘The carboxyl group of 
cinnamic acid type was, however, assumed 
tentatively in the present communication, 
and ferulic acid methyl ester was used to 
determine the condition of the hydrolysis, as 
was described previously. It remains open 
to question whether the carboxyl group 
exists even in lignin in situ, or it is formed 
during sulphonation. This fact will be a 
problem to be investigated in future. 

The amount of the conductometrically titr- 
able phenolic hydroxyl group was found to be 
only about 1/3-1/4 of the total phenolic 
hydroxyl group. The titrable one must be 
stronger than the remaining one. It is re- 
ported that phenolic hydroxyl group with 
carbonyl group in its para position is very 
strong in comparison with ordinary phenols. 
Some examples are listed in the Table II. 
Some of them are so strong that they are 

19) C. Kullgren, Svensk Papperstidn., 55, 1 (1952). 

20) H. Erdtman, Svensk Papperstidn., 45, 315, 374, 
392 (1942). 

21) O. Samuelson and A. Westlin, Svensk Papper- 
stidn., 50, 141 (1947); 51, 179 (1948). _ 

22) E. Adler, K. Bjérkqvist and S. Haggroth, Acta 
Chem. Scand., 2, 93 (1948); E. Adler and L. Ellmer, 
ibid., 839; K. Kratzl, Monatsh., 78, 173 (1948); T. 
Harada and J. Nikuni, J. Agr. Chem. Soc. Japan, 23, 
415 (1950); J. Pew, J. Am. Chem. Soc., 73, 1678 (1951); 
74, 2850, 5784 (1952); T. Nakamura and S. Kitaura, 
Bulletin of the Institute of Sci. and Ind. Research, 
K yushu Univ., 8, 1 (1952). é 

23) E. Hagglund, Ber., 62, 84 (1929); E. Hagglund 


and H. Urban, ibid., 2046; T. Marusawa, Bulletin of 
the Ryojun Institute of Technology, 1, 351 (1929). 


[Vol. 28, No. 9 


TABLE II 
pK OF SOME PHENOLS?» 
phenols 
e«-hydroxypropiovanillone 
«-hydroxypropiosyringone 


p 
7 
7 

acetovanillone 7.50 
guaiacol 9 
9 


phenols . 60 


comparable to nitrophenols. According to 
Goldschmid?” and -Aulin-Erdtman?”, pheno- 
late ion with carbonyl group in its para 
position, shows intensive absorption at about 
350 my, which is so strong that even so 
little amount as one such group per 50 
methoxyl is spectroscopically still measurable. 
Although the absorption curves of our ligno- 
sulphonic acid do not show any clear maxi- 
mum at this wave length in alkaline medium, 
as were shown in Fig. 6, considerable decrease 
of absorption was observed after reduction 
with sodium borohydride, which is sufficient 
to reduce such carbonyl group, if any”. 
The amount of the weakly acidic group of 
the lignosulphonic acid did not, however, 
decrease appreciably by the reduction. One 
can not, therefore, expect much contribution 
of such phenolic hydroxyl group with car- 
bonyl group in its para position to the weakly 
acidic group. 

As an example of the other type of strong 
phenolic hydroxyl group, one can cite the 
report of Sprengling’”’. According to him one 
of the phenolic hydroxyl groups of 0,0’-di- 
hyroxydiphenyl methane is very strong due 
to the hydrogen bonding of one of the two 
phenolic hydroxyl groups to the oxygen atom 
of the other resulting in an enhanced ioni- 
zation of the hydrogen atom of the latter 
hydroxyl group. On the other hand Aulin- 
Erdtman recognizes that one of such phenolic 
hydroxyl groups is rather weak in comparison 
to the ordinary phenols!':?,. Such diphenyl- 
methane structure may not be so feasible 
to lignin structure. 

According to her one of the phenolic hy- 
droxyl groups, which belong to 0,o’-diphenol, 
is very strong, and the remaining one is 
very weak. Such very strong phenolic hy- 
droxyl group must have been titrated, if it 
existed in lignosulphonic acid, The existence 
of diphenyl structure in lignin is not, how- 
ever, established as yet. The fact that 


24) O. Goldschmid, J. Am. Chem. ‘Soc., 75, 3780 
(1953). 

25) G. Aulin-Erdtman, Svensk Papperstidn., 57, 745 
(1954). 

26) J. Gierer, Acta Chem. Scand., 8, 1319 (1954); 
S. Chaikin and W. Brown, J. Am. Chem. Soc., 71, 122 
(1949). 

27) G. Sprengling, J. Am. Chem. Soc., 76, 1190 
(1954). 
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-dehydro-diveratric acid, dehydro-divanillic 
acid?” and dehydro-divanillin®” are obtained 
by permanganate oxidation, cupric oxide 
oxidation and oxidation with * nitrobenzene 
respectively, can not prove definitely, the 
existence of such structure, as one may be 
able to ascribe the formation of such degra- 
dation products to the secondary formation 
during the oxidation. Its existence seems, 
however, to be quite probable. By nitroben- 
zene oxidation, Leopold obtained dehydro-di- 
vanillin from lignin, but not from model 
compounds with guaiacyl nucleus. Phenols 
without double bond conjugated with benzene 
nucleus in its para position dimerize easily 
resulting in the formation of 0,0’-diphenol 
structure*». As Freudenberg’s dimeric inter- 
mediates of the biosynthesis of lignin, i.e. 
d,1-pinoresinol*’, dehydro-diconiferyl alco- 
hol*, and B-coniferyl ether of guaiacylgly- 
cerol*?, have such guaiacyl groups, it seems 
to be quite probable that some of such 
guaiacyl groups condense by further dehy- 
drogenation, at 5th position in the process 
of the formation of DHP. 

Jodai titrated conductometrically isoeugenol 
and hydrolignin, which was prepared by mild 
hydrogenation of picea jezoensis with Raney 
nickel in alkaline medium*». By back titra- 
tion, the phenolic hydroxyl group of isoeuge- 
nol was conductometrically titrated. The 
phenolic hydroxy! group of hydrolignin, which 
was confirmed to be almost only simple 
guaiacyl type was also titrable by back titra- 
tion. As mentioned before, the phenolic hy- 
droxyl group of vanillyl sulphonic acid was 
titrated quantitatively. It seems, therefore, 
to be certain that such simple phenolic hy- 
droxyl group of guaiacole type, contained in 
lignosulphonic acid, contributes also to its 
weakly acidic group. Recently Gierer”» proved 
definitely that Brauns’ native lignin as well 
as lignin in situ, contain about one 3-methoxy- 
4-hydroxy-benzyl alcohol type unit per seven 
to nine methoxyl groups. 

More than half of the total amount of the 
phenolic hydroxyl group of lignosulphonic 
acid remains untitrated by conductometric 
titration. This phenolic hydroxyl group must 





28) K.Freudenberg, K.Engler, E. Flickinger, A. Sobeck 
and F. Klink, Chem. Ber., 71, 1817 (1938). 

29) ‘I. Pearl, J. Am. Chem. Soc., 72, 2309 (1950). 

30) B. Leopold, Acta Chem. Scand., 6, 38 (1952). 

31) H. Erdtman, Biochem. Z., 258, 172 (1933). 

32) K. Freudenberg and H. Dietrich, Chem. Ber., 86, 
4 (1953). 

33) K. Freudenberg and H. Hiibner, Chem. Ber., 85, 
1181 (1952). 

34) K. Freudenberg and W. Fuchs, Chem. Ber., 87, 
1824 (1954). 

35) S. Jodai, J. Soc. Chem. Ind. Japan, 47, 958 (1944). 

36) J. Fisher, W. Hawkins and H. Hibbert, J. Am. 
Chem. Soc., 63, 3031 (1941). 
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be the weaker one. Hence, it appears that 
a comparatively small part of the total 
phenolic hydroxyl group belongs to simple 
guaiacol type. Recently Aulin-Erdtman have 
reported that phenolic hydroxyl group of 
guaiacyl nucleus with balky substituent at 
Sth position is rather weak. Such phenols 
were not ionized completely even at pH 12. 
In connection with the nature of the different 
phenolic hydroxyl groups of lignosulphonic 
acid, the conductometric titrations of various 
model compounds will be reported later. 


Experimental 


Preparation of Ba-lignosulphonate, methy- 
lation with diazomethane or with dimethyl 
sulphate, and reduction with sodium borohy- 
dride.—Barium lignosulphonate was prepared 
from the waste liquor of experimental cooking 
of spruce and birch, just in the same manner as 
was used in the previous communication”, 

In the case of birch lignosulphonic acid, the 
precipitate obtained by 1-(N-piperidinoacetylami- 
no)-naphthalene was dissolved in 70% aceton, 2N 
sulphuric acid added, untill a clear solution was 
obtained, and the solution was passed through IR 
120 in hydrogen form. Acetone was distilled off 
in vacuo, and the solution was neutralized with 
barium carbonate and treated further as usual. 

Barium lignosulphonate was kept in an etherial 
solution of diazomethane with occasional shaking, 
and changing the solution four times during 
thirty days, until constant methoxyl content was 
reached. 

Barium lignosulphonate was methylated with 
dimethyl! sulphate and alkali as usual, and sepa- 
rated by 1-(N-piperidinoacetylamino)-naphthalene 
sulphate. 





——s» $e. 136mm 


Fig. 8. Thin 
mesurement. 


cell for UV-absorption 








660 Susumu KUROKAWA 


Borohydride reduction of barium lignosulpho- 
nate was performed by dissolving the barium 
salt (15g.) in water (200ml.), adding sodium 
borohydride (2g.), and keeping the solution at 
room temperature for four hours. The reduced 
barium lignosulphonate was precipitated by alco- 
hol. 

Hydrolysis.—Barium lignosulphonate (500 mg.) 
was dissolved in 1N sodium hydroxide (20 ml.), 
kept at 30°C in an ampoule sealed carefully with 
nitrogen. After ion exchange, the solution was 
titrated. 

Measurement of UV-absorption with very 
thin cell.—Two quartz plates of the same size, 
with the side wall of the ordinary cell for Beckman 
spectrophotometer, was put together with picein 
as Fig. 8. The washing of the inside was effected 
by applying slight suction on one end, and im- 
mersing the other end in suitable solvent. The 
cell is very easily filled with solution by attaching 
a drop of the solution to one end of the dried 
cell, the solution being sucked into it automati- 
cally by capillary action. The thickness was 
measured by the absorption of methylene blue 
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(316 mf), methyl orange (458 my) and lignosul- 
phonic acid (280 my), the average thickness being 
0.136+0.001 mm. Beckman spectrophotometer mod- 
el DU was used. 


Summary 


a-Lignosulphonic acid has about one weak 
carboxyl group per 8-9 methoxyl, and about 
the same, or somewhat lesser amount of 
conductometrically titrable phenolic hydroxyl 
group, and both these groups correspond to 
the so-called weakly acidic group of ligno- 
sulphonic acid. 


The authors are indebted to Dr. H. Okada, 
the head of our laboratory, and to Miss. S. 
Suehiro for their encouragement. 
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Modifications of Normal Fatty Acid Amides 


By Susumu KuUROKAWA 


(Received July 2, 1955) 


Introduction 


It is well known that A. Miiller’ concluded, 
from his X-ray measurements, that molecules 
of normal paraffines with carbon numbers 
ranging from 21 to 27 rotate around their 
long axis above certain critical temperatures 
which are several degrees below their melting 
points. Similar rotational transformation has 
also been found in the experiments of X-ray 
diffractions”», specific heats® and dielectric 
properties”? of some normal alcohols. It 
seems interesting to confirm such transform- 
ation in some other long chain compounds, 
especially in those containing hydrogen bonds. 
The object of the present experiment is to 
examine if any discontinuous changes occur 
in X-ray diffraction lines of normal fatty acid 

1) A. Miiller, Proc. Roy. Soc. A., 138, 514 (1932). 

2) J.D. Bernal, Nature, 123, 870 (1932). 

3) K. Sano and Y. Kakiuchi, J. Phys. Soc. Japan, 4, 

365 (1949). 

4) Y. Kakiuchi, T. Sakurai and T. Suzuki, J. Phys. 

Soc. Japan, &, 369 (1950). 

5) Y. Kakiuchi, Proc. Japan Acad., 23, 65 (1947). 

6) T. Sakurai, J. Phys Soc., 6, 431 (1949). 


7) J.D. Hottman and C.P. Smyth, J. Am. Chem. Soc., 
71, 431 (1949). 


amides of even carbon number from 4 to 18 
between room temperature and the individual 
melting points. 


Experimental 


The acid amides were all synthesized by the 

following reaction. 
2RCOOH + HsNCONH, —» RCONH2 
+ COg + RCOONH, 

After heating the mixture of equivalent fattty 
acid and urea for several hours in a flask, the 
amide was separated by distillation. All amides 
thus obtained were purified by vacuum distillation 
and by repeated recrystallization from adequate 
solvents, their melting points being shown in 
Table I. 

The powdered specimens were enclosed in thin 
walled glass capillary tubes and their X-ray dif- 
fraction photographs were taken with the Cu Ka 
radiation filtered by nickel foil. The distance 
between the specimen and the film was 8.03cm. 
The time of exposure was about five to ten min- 
utes at about 30&V. and 60-70 MA. using rotating 
copper anode. 

The specimen was heated to the required tempe 


rature by a small electric furnace, which was 


placed so as to surround the capillary tube at the 
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Temp. °C. 
99-100 


84-86 





Photo. 1. Cyy-amide (heating) 


Temp. °C. 
104-106 


97-99 
90-92 
83-84 
73-75 


18 





Photo. 2. Cys-amide Type I. (heating) 


Temp. °C. 
98-190 


84-85 
68-69 


54 
36 


15 
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Temp. °C. 


20 


34 


51 


69-68 
86-84 


100-98 





(cooling) 


Photo. 4. C;s-amide Tpye II’. 


center of the camera. The temperature of the 
specimen was measured by the thermometer, the 
bulb of which was close to the specimen. It was 
kept constant during the exposure within about 
2°C. In order to find easily small shifts of dif- 
fraction lines due to the variation of temperature, 
the temperature of the specimen was varied 
stepwise and a whole series of photographs was 
recorded on the same film as shown in the 
Photos. 1-4, 


Experimental Results and Discussion 


Modification at Room Temperature.—The 
measured values of short and long spacings, 
at room temperature are summarized in 
Table I, their relative intensities of reflections 
estimated visually being given in five degrees 
as usual. In the cases of lower amides than 
Ci, the specimens crystallized from solvents 
show the same diffraction lines as those cry- 
stallized from the molten states. The general 
behaviours of the diffraction lines are close 
to those obtained by F. W. Matthews, G. G. 
Warren and J. H. Michell, though the in- 
dividual values of reflection lines do not per- 
fectly coincide. 

In the case of C,, amide four types of 


Photo. 3. Cis-amide Type II. (heating) modifications exist at room temperature. The 
TABLE I 
THE X-RAY DIFFRACTION DATA ON THE ACID AMIDES 

Long 
Acid amide m.p. (°C) Type Short spacing (A) spacing 

(A) 
Butyric acid amide Cy, 113 3.79(s)  4.05(m) 4.20(w) 4.68(vs) 9.95 
Caproic acid amide Cg 98 3.56(s) 4.30(vw) 4.39(w) 4. 88(vs) 13. 92 
Caprylic acid amide Cs 110 4.07(s) 4.36(m) 4.55(m) 4.94(s) 17.41 
Capric acid amide Ci 96 3.33(w) 3.48(vw) 3.70(vs) 4.19(m) 4.45(s) 4.94(s) 20. 63 
Lauric acid amide Ci2 97 3.68(s) 4.12(m) 4.53(m) 4.95(m) 24. 32 
Myristic acid amide C,, 102 3.51(vw) 3.59(vw) 3.76(w) 3.96(s) 4.51(m) 4.92(m) 27.73 
I 3.82(vs) 4.58(s) 4.95(s) ‘ 30. 62 
Palmitie acid amide Cy 105/ H, 3.38(vm) 3.48lyw) 378m 2.941m) 4.186m) 4.52108) 5.0%) 32.41 
III 3.82(vs) 4.34(m) 4.53(w) 44.50 
II 3.77(s) 3.86(m) 4.54(s) 5.09(vw) 36. 22 
Stearic acid amide Cys 107° II’ 3.26(vw) 3.71(s) 3.87(m) 4.10(vw) 36. 26 
III 3.80(vs) 4.32(m) 4.52(w) 49.65 


The symbols, vs., s., m., v., vw. show the relative intensities of reflections estimated 


visually, very strong, strong, me¢ 


>, weak, very weak, respectively. 


8) F.W. Matthews, G.G. Warren and J.H. Michell, /. 
Anal. Chem., 22, 514 (1950). 
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specimen crystallized from solvents generally 
shows Type I, while that crystallized from 
the molten state show Type II (Table I). 
The relation between the long spacing and 
the number of carbon atoms in the chain is 
shown in Fig. 1. The linear relation existing 





em 
P f 
Dy A 
0 
0 2 q & 5 0 e 4 7 
N. (carbon number) 
Fig. 1. The long X-ray spacings for acid 


amides as a function of the number of 
C atoms. 


usually in many other long chain compounds 
is seen also in the present case. It is noted, 
however, that the long spacing of Type I 
lies just on the linear extension of those of 
lower amides, while that of Type II shows a 
little greater value. T. Sakurai has recently 
concluded from his structural analysis that 
C,, amide has two types”, parallel chain and 
cross chain types, the former appearing in the 
crystal from molten state and the latter in 
that from solvents, and also suggested that 


Susumu KUROKAWA 
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in lower amides the cross chain type only may 
exist. Although this suggestion should be 
confirmed by the structural analysis of lower 
amides, the present result does not seen to 
contradict it. In the case of C,, amide the 
distinction between Types I and II is not 
observed. The observed value of the long 
spacing, however, seems to correspond to that 
of Type II of C,, amide as seen in Fig. 1. 
Type II’ appears when the molten C,, and 
C,s amides are solidified very slowly as written 
in the next section. Type III is observed in 
a thin flake obtained when the acetic acid 
solution of C,, and C,, amides are evaporated 
slowly on a glass plate. From their great 
values of long spacings it is considered that 
in the crystal of Type III the dimer linked 
together by hydrogen bonds between the 
amide ends stands perpendicular to the basal 
plane. If this is the case, the long spacing 
of C,s amide will be greater than that of Ci, 
amide by four times the C-C distance pro- 
jected on the chain axis; viz. 1.27 x4=5.08 A, 
the observed value 5.15A agreeing nearly 
with it. Among the four types, Type II seems 
to be the most stable from as seen below. 
Temperature Effects.—In the cases of C,,- 
Ci» amides the diffraction lines do not present 
any discontinuous changes with temperatures 
up to the melting points. The long spacings 
increase continuously with the rise of tem- 
perature, while in short spacings some expand 
and some others contract. The amounts of 
these shifts are in the order of some per- 


TABLE II 
THE TEMPERATURE EFFECTS ON THE X-RAY DIFFRACTION DATA OF Ciz AND Ciy-AMIDES 
(SHORT SPACINGS) 


temp. (°C) Short spacings (4) 
Ci2-amide 
13 1. 95(m) 1.53(m) 4.12(m) 3. 68(s) 
31-32 1.93 1.51 1.09 3. 67 
39 41.90 1. 48 4.11 3. 67 
15-46 4.91 1. 48 4.11 1.66 
50-51 4.91(m) 1. 65(vw) 1. 46(w) 1. 19(s) 3.74(w) 3.61(vw) 
68 1.90 1.68 4.47 4.20 3.76 3.63 
84-86 4.90 1.69 1. 48 ian ff 3. 63 
99-100 4,93 1.69 1.47 1,24 3.78 3.64 
C,4-amide 
16 4. 92(m) 1.51(m) 3. 96(s) 3. 76(w) 3. 59(vw) 3.51(vw) 
34 4.91 1,50 3. 96 3.76 3.58 3.52 
48-50 41.91 1.50 3.97 3.76 3.59 3.52 
55 1.89 4,49 3.95 a4 3.57 3.50 
59 4.89 1, 48 3.95 3.74 3.58 3.50 3. 4l(vw) 
63 4.90 4. 48 3.95 3. 60 | 3. 43 
66 1.89 1.51 3. 97 3. 60 3.50 3. 46 
86 4.91 4.52 3. 98 3.61 a. 52 3. 46 
94-96 4.92 4.53 3.99 3.61 3. 53 3. 45 


9) T. Sakurai, J. Phys. Soc. Japan, (to be published 


soon). 
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centages between room temperature and the 
melting points and are completely reversible 
with temperature. 

The long spacing as well as short spacings 
of C,. amide present abrupt changes at about 
48°C as shown in Table II and Photo. 1. 
This transformation is reversible with temper- 
ature. In the case of C,, amide the expan- 
sion of long spacing is not observed, while 
in the reflection of short spacings one dimin- 
ishes its intensity with the increase of tem- 
perature, disappearing at about 59°C and 
another one appears at the same time. These 
changes, however, are gradual and reversible 
with temperature, not showing a distinct 
transition point. (Table II) 

Type I of Ci; amide and Type III of Cis 
and C,s amides both transform into Type II 
at high temperature. The former shows a 
distinct transformation point at 76°C, while 
the latter does not change abruptly. The 
very long spacing of the latter contracts 
gradually with temperature accompanying 
the gradual appearance of the characteristic 
long spacing of Type II, and Type II only 
remains above 80°C.. It may be considered 
that in Type III the chain axis standing 
perpendicularly to the basal plane begins to 
tilt on keating, partially forming Type II. 
Type II, once formed by heating, does not 
return to Type I or III without recrystalliza- 
tion from solvents. 

When Type II of C,; amide is heated, the 
long spacing expands continuously. Among 
the short spacings the one which shows strong 
reflection at 3.78 A, splits into a doublet be- 
tween 49°C and 85°C, becoming again a singlet 
of 4.00 A near the melting point as shown in 
Fig. 2. Another one, which shows strong 
reflection at 4.52 A, contracts continuously, 
decreasing to 4.30A near the melting point. 
This approach of two strong reflection lines 
on heating appears to be similar apparently 
to the tendency observed by Miiller in the 
case of paraffine. In the present case, how- 
ever, the distinct transformation point to 
become a single reflection line can not be 
observed below the melting point. 

It is interesting to note that contrary to 
the cases of lower amides a phenomenon of 
hysteresis is observed in the case of Cy, 
amide. When Type II is cooled after heating 
up to near the melting point, the temperature 
effects are just reversed with those of heating. 
When it is cooled slowly, however, after 
heating up to the molten state, new short 
spacings appear and they change continuously 
on cooling, forming a different type, Type II’, 
at room temperature (Fig. 2). If it is cooled 
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Temp. “C 

Fig. 2. The temperature effects on the 

X-ray spacings of Cys-amide. (Type II. 
& Il’. 
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Temp. °C 


Fig. 3. The temperature effects on the 
X-ray spacings of Cis-amide. (Type II. 
& Il’.) 


rapidly to room temperature from the molten 
state, Type II always appears. As to the 
long spacing Type II’ is not very different 
from Type II. The analogous phenomenon 
of hysteresis is observed also in the case of 
C,s amide as shown in Fig. 3. 

These phenomena are probably due to the 
following reasons: that the molecules are 
more loosely bound in higher amides than in 
lower amides, and also that different arrange- 
ments of atoms in the amide groups may 
occur on solidification from the molten state. 
The detailed discussion, however, must be 
postponed until the complete structural 
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analysis, now in progress, is accomplished. 
In conclusion the author wishes to express 
his sincere thanks to Prof. S. Yoshida for 
his kind guidance throughout this experi- 
ment. A part of the expense for the experi- 
ment has been defrayed from a grant given 


Spect rochemical 


Study of Microscopic Crystals. 


[Vol. 28, No. 


by the Ministry of Education, to which the 
author’s thanks are due. 


Department of Physics and Chemistry 
Gakushuin University Mejiro, 
Tokyo 


IX.) Absorption 


Spectra and Structure of Cobalt(\IIT) MercuryII) Tetrathiocyanate 


By Shoichiro YAMADA and Ryutaro TSUCHIDA 


(Received July 14, 1955) 


The structure of cobalt(II) mercury(II) 
tetrathiocyanate has long been discussed by 
a number of chemists?*. In 1947 Jeffery” 
investigated the crystal structure with X-ray, 
showing that the sulphur atoms of the SCN- 
groups were attached to the mercury atom 
in tetrahedral co-ordination. However, he did 
not touch on the possibility of the linkage 
between the cobalt atom and NCS-groups, 
only stating that a cobalt atom is surrounded 
by nitrogen atoms. The present work was 
undertaken in order to clarify the structure 
of the compound in the crystalline state. In 
this paper polarized absorption spectra of 
the compound have been determined, and the 
results discussed in relation to the structure 
of the compound. 


Experimental 


Materials.—Cobalt(II) mercury(II) tetrathiocy- 
anate, CoHg(SCN),, was prepared by the method 
of Hantzsch and Shibata®. Indigo-blue, prismatic 
crystals thus obtained belong to the tetragonal 
system and show straight extinction on the prism 
face. A slight dichroism is observed on the prism 
face under the microscope. The measurements 
of the absorption spectra were made on the prism 
face with polarized light having its electric vector 
along and perpendicular to the needle axis. 

Potassium tetrathiocyanato-mercurate(II) was 
prepared from mercuric thiocyanate and potassium 
thiocyanate according to the method of Rosenheim 
and Cohn». Measurement of absorption spectrum 
was made with its aqueous solution containing an 
excess of potassium thiocyanate. 


1) Part VIII of this series, S. Yamada, A. Nakahara 
and R. Tsuchida, This Bulletin, 28, 465 (1955). 

2) For example, Y. Shibata, J. Chem. Soc. Japan, 35, 
807 (1914); T. Inoue, J. Chem. Soc. Japan, 48, 177 
(1927). 

3) J.W. Jeffery, Nature, 159, 610 (1947). 

4) A. Hantzsch and Y. Shibata, Z. anorg. Chem., 73, 
314 (1912). 

5) A. Rosenheim and R. Cohn, ibid., 27, 281 (1901). 


Measurements.— Quantitative measurements of 
absorption spectra of crystals were made by 
Tsuchida-Kobayashi’s microscopic method® with 
polarized light in the region covering 7500 to 2400 A. 
The notation, a, represents absorption coefficient 
per mm. of acrystal. Molecular absorption coef- 
ficients of a crystal, K, were calculated from the 
relation, K =10a@M/», where M and p denote formula 
weight of a complex compound, and density of a 
crystal, respectively. 

Absorption spectrum in solution was determined 
with a Beckman DU quartz-spectrophotometer. 
¢ represents molar extinction coefficient. 


Results and Discussion 


The results of the measurements are shown 
in Fig. 1 and Table I. The a- and b-absorp- 


tion represent absorption with the electric 
Wave-length, 4, A 


log « 





Frequency, (v), 10'/sec. 

Fig. 1. Absorption spectra of CoHg(SCN), 
in the crystalline state and its component 
complexes in solution. —-—-—-, 
Ka[Co(NCS)4], -s+-++++ese0e0 +, Kef[Hg(SCN),]. 
The curves in solution are taken from 
ref. 7. 

6) R. Tsuchida and M. Kobayashi, ‘‘ The Colours and 


the Structures of Metallic Compounds,” Zoshindo, Osaka, 
1944, p. 180; This Bulletin, 13, 619 (1938). 
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vector parallel and perpendicular to the 
needle axis. The present measurement in- 
dicates that the crystal of the compound 
shows an absorption band at about 51x 
10'*/sec. and another band commencing at 
about 80x10'*/sec. Although the crystal 
analysis demonstrated the existence of the 
group, Hg(SCN),, the band at about 50 x 10'*/ 
sec. can not be ascribed to the group, since 
the potassium salt, K,Hg(SCN),, in aqueous 
solution shows absorption at far shorter 
wave-length. Alternatively, the band is con- 
sidered to correspond to the band at the 
longer wave-length of the Co(NCS),-ion in 
the crystal of K,Co(NCS),-4H.O as well as 
alcoholic solution. It is concluded, therefore, 
that CoHg(SCN), in the crystalline state 
should contain the group, Co(NCS),, as in the 
crystal of K,Co(NCS),-4H,O**. In other 
words, four NCS-groups are attached to a 
cobalt atom through their nitrogen atoms. 
The linkage between the nitrogen atom and 
the cobalt atom is most likely to be largely 
electrostatic, judging from the tetrahedral 
configuration of the Co(NCS),-group”. 

The band at 50x10'*/sec. is found to be a 
little polarized. This fact shows that the co- 
ordination of four NCS-groups around a 
cobalt atum in the Co(NCS),-group deviates. 
from regular tetrahedron. The similar con- 
clusion was formerly obtained with the crystal 
of K,Co(NCS),-4H.O’. Moreover, the di- 
chroism for the band at 50x10'*/sec. of 
CoHg(SCN), (Table I) is found to be similar 


TABLE I 
ABSORPTION MAXIMA OF CoHg(SCN), 
v,10!%/sec. log @ K half width 
a-abs. 51.6 1. 86 117 x 10? 10.2 
b-abs. 50.6 1. 80 102 x 10? 10.5 
to the dichroism of the potassium salt. That 


is, the absorption with its maximum at the 
shorter wave-length has larger absorption 
coefficient than the absorption with its max- 
imum at the longer wave-length. This also 
seems to support the above conclusion. 

The absorption of CoHg(SCN), at about 
80 x 10'%/sec. and shorter wave-length may be 
7) S. Yamada and R. Tsuchida, This Bulletin, 27, 436 

(1954). 


8) G.S. Zhdanov and Z.V. Zvonkova, Zhur. Fiz. 
Khim., 24, 1339 (1950); —.A.. 45, 6001 (1951). 
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considered as superposition of the absorption 
of Hg(SCN),- and Co(NCS),-groups, since both 
the Hg(SCN), and Co(NCS), ions in the potas- 
sium salts exhibit absorptions in the above 
regions. 

Summarizing the above consideration, a 
NCS-group of CoHg(SCN), in the crystalline 
state combines through its sulphur atom with 
a mercury atom and through its nitrogen 
with a cobalt atom. The effect of combina- 
tion of the sulphur atom with a mercury 
atom on the Co-NCS linkage may be observed, 
for example, in the absorption bands due to 
the Co(NCS),-group. The absorption spectra 
of the crystal of CoHg(SCN), is different from 
that for K,Co(NCS),-4H,O in the following 
respects. (1) The width of the band at the 
longer wave-length is larger than that of the 
crystal of the potassium salt. (2) The band 
is slightly more hypsochromic than that in 
the potassium salt. These differences may 
be understood as due to the change in the 
electronic state of the nitrogen atom and 
consequently in its linkage to the cobalt 
atom, which would be caused by co-ordination 
of the sulphur atom to a mercury atom. 


Summary 


Polarized absorption spectra of CoHg(SCN), 
in the crystalline state have been determined 
by Tsuchida-Kobayashi’s microscopic method 
in the regions between 2400 and 7000 A. 

Absorption spectra of HgCo(NCS), shows 
the existence of the Co(NCS),-group. Thus 
it has been concluded that the NCS-group is 
attached to a cobalt atom through a nitrogen 
atom, and to a mercury atom through a 
sulphur atom on the other end of the NCS- 


group. 


The authors wish to thank Mr. T. Ninomiya 
for his assistance in the experiments and 
Mr. H. Matsuo of Hiroshima University for 
his interest in the present work. This work 
was supported by a grant from the Ministry 
of Education. 


Department of Chemistry, Faculty of 
Science, Osaka University, 
Nakanoshima, Osaka 
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Syntheses of Adenosinesulfuric Acids 


By Fujio EGamr and Noriko TAKAHASHI 


(Received July 22, 1955) 


As is well known, adenosinephosphoric acids 
play important roles in metabolism as such 
or as components of the coferments such as 
DPN, TPN, FAD, CoA etc. In 1953", I. Yama- 
shina and one of us (Egami), considering the 
fact that the substances having sulfuric acids 
group in place of phosphoric acid group in 
these metabolites might compete with the 
latter in metabolism or in biochemical reac- 
tions in vitro, tried to synthesize adenosine- 
sulfuric acids. In fact they have found in 
the preliminary experiments that adeno- 
sinemonosulfate (AMS) competes with DPN 
in the dehydrogenation of ethanol by alcohol 
dehydrogenase. However, AMS used in the 
experiments was not a chemical individual, 
but a mixture of adenoshine-5’-monosulfate 
and adenosine-3’- or/and 2’-monosulfate. It 
is quite clear that in order to carry out 
quantitative studies concerning the effects 
of adenosinesulfates on metabolism or on 
biochemical reactions, adenosinesulfate with 
a definite constitution must be used. So we 
tried to separate adenosinesulfates by ion- 
exchange resins. The present paper describes 
the separation of adenosinesulfates and es- 
pecially the preparation of adenosine-5’-mono- 
sulfate. 
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Fig. 1. Adenosine-5’-monosulfuric acid. 


Experimental 


1. Syntheses of Calcium Adenosinesulfates.— 
Chlorosulphonic acid in dry chloroform was added 
slowly to adenosine solution in dry pyridine at 
0°C with vigorous stirring and with strict preven- 
tion of moisture. After standing overnight at 
room temperature, the upper solvent layer was 

1) I. Yamashina and F. Egami, J. Japan Biochem. 


Soc., 23, 281 {1953); F. Egami, Medicina Revuo, 2, 26 
(1954). 


removed by decantation, and the remaining syrupy 
material was dissolved in water, then neutralized 
with calcium carbonate. After removal of calcium 
sulfate and the excess of calcium carbonate, the 
filtrate was evaporated in vaccuo (40°C/15mmHg) 
until it became syrupy. A crude calcium salt 
was obtained by addition of alcohol. As will be 
shown later, the crude product was composed of 
unchanged adenosine and a mixture of calcium 
adenosinemono-, di- and trisulfate. Experiments 
were carried out under several conditions. It 
was found that the proportion of each component 
varied according to the amount of chlorosulphonic 
acid used and to the reaction temperature. Two 
examples, which will be described later, were 
carried out with the following conditions: 
(Example 1) 2g. adenosine in 100ml. pyridine, 
1.3 ml. chlorosulphonic acid in 4 ml. chloroform, 
reaction temperature 0°C. 
(Example 2) 2.5 g. adenosine in 130 ml. pyridine. 
3 ml. chlorosulphonic acid in 7 ml. chloroform, 
reaction temperature 13~15°C. 


2. Analysis of the Crude Product.—A method 
for the quantitative separation of AMP, ADP 
and ATP by ion-exchange chromatography has 
been devised by Cohn and Carter”. By slight 
modification of their method, the resolution of the 
mixture of adenosinemono-, di- and trisulfuric 
acid (AMS, ADS, ATS) and unchanged adenosine 
into the individual components has been achieved 
successfully. The aqueous solution of crude pro- 
duct was passed through a column of an anion 
exchanger, Dowex-l. Unreacted adenosine was 
removed by washing with water, but the other 
acidic components remained on the column. Sub- 
sequent elution of the adsorbed column, succes- 
sively with 1) 0.01N hydrochloric acid (AMS), 2) 
0.2 or 0.5N hydrochloric acid (ADS), and 3) 1N 
hydrochloric acid (ATS), gave each component 
completely in separate fractions. In spite of the 
three possible structures for AMS, the largest 
part (100-95%) of effluents with 0.01N hydrochloric 
acid was composed of only one sharp peak, which 
was later proved to be adenosine-5’-monosulfuric 
acid. The other minor components, observed in 
a few cases, were too small in quantity to be 
served for analysis and remained unidentified. 

A Beckman ultraviolet spectrophotometer Model 
DU was used to detect and estimate adenosine 
derivatives in effluents, taking advantage of the 
characteristic ultraviolet adsorption at 260muz. 

Quantitative analysis of N and S content for 
each fraction, also served as a means of identifica- 
tion. 

The results obtained with the products, synthe- 


2) W.E. Cohn and C.E. Carter, J. Am. Chem. Soc., 
72, 4273 (1950). 
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sized under the conditions described above, was 
shown in Figs. 2 and 3, on which the experimental 
details for the analysis will be seen. 

3. Preparation of Calcium and Barium 
Adenosinemonosulfate.—Two procedures were 
tried in order to obtain these components sepa- 
rately, one with hydrochloric acid as eluting solu- 
tion, another with sulfuric acid. These were 
carried out as follows: 

(A) Elution with Hydrochloric Acid.—Column 
of Dowex-l1 (50~100 mesh) in the chloride form, 
3.1 cm2x20cm., flow rate 1 ml./min./cm? was used. 
0.5 g. of the crude product in 100 ml. of water was 
passed through the column and the adsorbed 
materials were eluted with hydrochloric acid ina 
similar manner as used in the analytical procedure. 

The pooled AMS fraction of the effluents (ca. 
350 ml.) were neutralized with calcium carbonate 
and evaporated in vaccuo (40°C/15 mmHg) until it 
became syrupy. By addition of alcohol, the pre- 
cipitate of Ca-AMS wasobtained. The purification 
was achieved by reprecipitation with alcohol. 

But, the similar procedure was not suitable for 
the preparation of di- and trisulfate in solid form, 
because of the high concentration of hydrochloric 
acid in ADS and ATS fractions, which brought 
about the formation of a large amount of calcium 
chloride interfering with the precipitation of Ca- 


Syntheses of Adenosinesulfuric 


Acids 667 


42 
40 & 
: Fe n003y HCI —oe NHC ay ay 
‘ funchanged 01M CaCl 
30adenosine AMS ADS | ATS 
284 5% 

= 3 

£ 26 

S 4 


94 


Optical density at 





08 it 
064 | 











0 0 100 20 30 0 10 2000 100 20 3 400 


ml. of effluent 
Fig. 3. (example 2). Ion-exchange separa- 
tion of adenosinesulfates. 
Exchanger: Dowex-1 (50~100 mesh), 
1.77 cm?X4cm. chloride form. 
Flow rate: 0.5 ml./min./cms. 
Test material: 60mg. 


ADS and Ca-ATS. However, this procedure was 
proved to be quite satisfactory for the analysis 
of these components, as described in the preceding 
paragraph. 

(B) Elution with Sulfuric Acid.—Column of 
Dowex-l (50~100 mesh) in the hydroxide form, 
3.1 cm? x31 cm., flow rate 1 ml./min./cm? was used. 
2g. of the crude product in 100 ml. of water was 
served as starting material. Considerable amount 
of unreacted adenosine was adsorbed in this 
case, which was removed as a first fraction by 
elution with 0.03N sulfuric acid. Continuing elu- 
tion with the same acid gave AMS as a sharply 
distinct fraction. 

But, the other components did not show any 
difinite peaks with 0.5N, 1N, 2N, and even with 
6N sulfuric acid. Therefore, application of this 
method to the elution of ADS and ATS was not 
satisfactory. 

The pooled AMS fraction of the effluents (ca. 
900 ml.) was neutralized with excess barium car- 
bonate. By concentrating the filtrate in vaccuo 
(40°C/15 mmHg), Ba-AMS was obtained in colorless 
crystalline form. It was recrystallized from water. 


4. Nature of Ba-AMS.—Crystalline Ba-AMS 
was found to contain 2 molecules of water which 
was lost by heating at 100°C in vaccuo over conc. 
sulfuric acid. The analytical results coincided 
with the formula C,pH;zO7N;S Ba/2. Found: N, 
16.5; S, 8.12; Ba, 16.4; Caled.; N, 16.8; S, 7.73; 
Ba, 16.5%. 

For the decision among possible positions 5’, 3’, 
and 2’ as the point of attachment of the sulfuric 
acid radical to ribose, the oxidation of Ba-AMS 
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with metaperiodate was examined. One mole of 
Ba-AMS consumed 0.94 moles of the oxidant. 
This indicates that the sulfuric acid radical is 
attached to the 5’-position of the ribose. 
Spectrographic Data: Measurements were 


x1" 
15 


4 
3 
12 
11; 
10 
09 


Molecular extinctiwn coefficient 








a a) a a ne a. re) 
mu. a 

Fig. 4. Absorption spectra of adenosine 
(higher peak at 257 mu), AMS (lower 


peak at 257myz) and adenine (peak at 
262 mu) respectively. 


3) J.M. Gulland and E.R. Holiday, J. Chem. Soc., 
1936, 765. 


It has been shown recently by Sasaki and 
Matuura’” and by Schulman et al.**» that 
certain metal ions interact with fatty acid 
monolayers specifically over a pH range 
characteristic of each ion. In the case of 
the monolayer of stearic acid this specific 
interaction has been observed through in- 
crease in the area per molecule of the acid, 
in compressibility and in rigidity of the 
monolayer. Metal ions which have been 
proved to give rise to such a remarkable 





1) T. Sasaki and R. Matuura, This Bulletin, 24, 274 
(1951). 

2) R. Matuura, ibid., 24, 278 (1951). 

3) G.A. Wolstenholme and J.H. Schulman, Trans. 
Faraday Soc., 46, 475 (1950); 47, 788 (1951). 

4) J.H. Schulman and M. Z. Dogan, Faraday Soc. 
Discussion, 16, 158 (1954). 

5) J.G.N. Thomas and J.H. Schulman, Trans. Faraday 
Soc., 50, 1139 (1954). 
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made with a Beckman ultraviolet spectrophoto- 
meter Model DU. Comparisons of the ultraviolet 
absorption spectra from 220 mu to 300 mu of 0.1N 
hydrochloric acid solution of adenine, adenosine 
and Ba-AMS were shown in Fig. 4. It was clear 
from Fig. 4 that adenosine and Ba-AMS had a 
peak at 257my. But the maximum molecular 
extinction coefficient of AMS resembled more 
closely that of adenine than that of adenosine. 


Summary 


Syntheses of adenosinesulfuric acids were 
achieved by sulfation of adenosine with 
chlorosulphonic acid. 

The crude product was a mixture of AMS, 
ADS and ATS, and the proportion of each 
component varied according to the amount 
of chlorosulphonic acid used and to the reac- 
tion temperature. 

Quantitative separation of AMS, ADS and 
ATS has been achieved successfully by ion- 
exchange chromatography. 

Barium adenosine-5’-monosulfate was ob- 
tained in crystalline form, and the ultraviolet 
absorption spectra were measured. 


Department of Chemistry, Nagoya 
University, Nagoya 





change in the properties of the stearic acid 
monolayer are either ions of the transition 
elements or polyvalent ions, such as Co, Ni, 
Cu, Zn, Hg, Al, Fe, Ce or Th ions. The 
nature of the interaction between these 
metal ions and fatty acid monolayers has not 
yet been definitely postulated. Sasaki and 
Matuura proposed that metal soap of highly 
polymeric structure is produced in the mo- 
nolayer by the interaction between fatty acid 
molecules and metal ions over a pH range 
characteristic of each ion. Schulman et al. 
presented the idea that the basic metal ions 
interact with the fatty acid monolayer at the 
pH of maximum interaction, and cross-linking 
results between neighboring molecules in the 
monolayer by hydrogen bonding. It is pro- 
bable that the metal ion-monolayer interac- 
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tion has much to do with the state of the 
metal ion in aqueous solutions. It is known 
that certain metal ions of the transition ele- 
ments or polyvalent ions exist in aqueous 
solutions as polynuclear cations in some cases, 
and sometimes the solution reveals rather 
colloidal behaviors around pH of hydroxide 
precipitation. In this respect information 
would be given from the studies of the 
tadiocolloids of these elements which have 
been shown to be formed in dilute solutions 
under suitable conditions.*”? Although the 
mechanism of radiocolloid formation has not 
yet been established, it is interesting to note 
that in some metal ions (e.g., Th® or Ce” 
ions) the pH range of the specific interaction 
with fatty acid monolayers corresponds to 
that of colloid formation. It may be sug- 
gested also that in other metal ions in ques- 
tion their state in aqueous solutions would 
be much complicated in some cases and this 
complicated state would have a close connec- 
tion with the specific interaction with the 
fatty acid monolayer. It is therefore neces- 
sary to study the metal ion-monolayer interac- 
tion with special reference to the state of the 
metal ion in aqueous solutions. In the pre- 
sent work the interaction between stearic acid 


monolayez and cobalt ion was investigated. 


under various conditions along this line. 


Experimental 


The surface pressure of the monolayer was 
measured by the modified Wilhelmy type surface 
balance described elsewhere™. The method of 
measurement of surface viscosity and rigidity was 
the same as that in the earlier work'». Except 
for the study of the effect of aging of the solu- 
tion, the monolayer was formed on a freshly pre- 
pared 10-%mol./l. solution of CoCle, which was 
purified by recrystallization. Unless otherwise 
stated, the compression of the monolayer was 
started ten minutes after spreading. The pH of 
the solution was adjusted by HCl and NaOH, 
changing from 2 to 10. 

The effect of the aging of the solution on the 
cobalt ion-stearic acid monolayer interaction was 
studied by measuring surface pressures of the 
monolayer spread on the solution stored for periods 
of time in a large glass-stoppered bottle at room 
temperature. The pressure-area relations were 
determined for each aging time of the solution. 


6) A.C. Wahl and N.A. Bonner (editors), ‘‘ Radio- 
activity Applied to Chemistry”, John Wiley and Sons, 
Inc., New York, N.Y. (1951), p. 142. 

7) G.K. Schweitzer and M. Jackson, J. Chem. Educa- 
tion, 29, 513 (1952). 

8) M.H. Kurbatov, H.B. Webster and J.D. Kurbatov, 
J. Phys. & Colloid Chem., 54, 1239 (1950). 

9) J.D. Kurbatov and M.L. Pool, Phys. Rev., 65, 61 
(1944). 

10) R.Matuura and I. Hayasi, Memoirs of the Faculty 
of Science, Kyushu University, Ser. C, 1, 31 (1948). 

11) T. Sasaki and H. Kimizuka, This Bulletin, 25, 
318 (1952). 


In order to know the effect of other electrolytes 
on the cobalt ion-monolayer interaction, sodium 
chloride, ammonium oxalate and sodium citrate 
were added before, or injected after spreading 
stearic acid, to the substrate solution at the pH 
of maximum interaction. All these salts were 
analytical reagents. 

All the film experiments described above were 
carried out at room temperatures. 

In relation to the film experiments, in order to 
obtain information as to the state of cobalt ion 
in aqueous solutions the self-diffusion coefficient 
of cobalt ion was measured in CoCle solutions of 
10-3 mol./l. and of varying pH values, using Co 
as a radio-tracer. The capillary method™ was 
used as shown in Fig. 1. The capillary used was 


Fig. 1. Diffusion apparatus. A, diffusion 
cell; B, cell holder; C, three-neck flask 
(volume 1 liter); D, mercury-sealed 
stirrer (stirring rate 100rpm). 


0.061 cm. in diameter and 1.8 to 2.5cm. in length. 
Four capillaries of different lengths were used 
for each pH value, and the average of the diffu- 
sion coefficient was calculated from four values 
obtained for four different capillaries. The diffu- 
sion time was forty to fifty hours and the diffusion 
temperature was 35.0°C. The difiusion coefficient 
D was calculated by the equation!» 


Qe ¢ nDt 
2.303 log = (©) =— 
SS\G ar 
where, C is the average concentration of radio- 
active cobalt in a capillary after time ¢, Co is its 
initial concentration and / is the length of the 
capillary. 


Results 


(1) Stearic Acid Monolayer on 10 mol./I. 
CoCl, Solution.—Pressure-area curves of the 
monolayer of stearic acid on the surface of 


jJ.S. Anderson and K. Saddington, J. Chem. Soc., 
1949, S.381. 
13) A.C. Wahl and N.A. Bonner (editors), ‘ Radio- 
activity Applied to Chemistry”’, John Wiley and Sons, 
Inc., New York, N.Y. (1951), p. 77. 

















































670 


10~* mol./l. CoCl, solution of varying pH 
values are shown in Fig. 2. From pH 2 to 
4 the monolayer showed stable surface pres- 
sures and gave pressure-area curves similar 
to those without cobalt ion, the limiting area 
being about 25 A? per molecule. The mono- 
layer did not show appreciable rigidity over 





>Pressure (dyn./cm.) 


—+»Area A(2/molec.) 

Fig. 2. Pressure-area relations of stearic 
acid monolayer on 107% mol./l. CoCl. 
solution. pH is (1) 2.0; (2)5.2; (3)6.3; 
(4) 7.6; (5)8.0; (6)8.3; (7)9.6. Tem- 
perature 25-26°C. 


this pH range. When the pH of the solution 
becomes larger than 4, the monolayer begins 
to show a little condensation until at PH 6.3 
the limiting area reaches about 21 A? per 
molecule. This condensation of the mono- 
layer occurs at lower pH values than those 
in the case without cobalt ion, as shown in 
Fig. 3. It was observed that around pH 6 
the monolayer did not show stable surface 
pressures soon after compression but the 
pressure dropped considerably when the 
monolayer was allowed to stand at a definite 
area after compression. At lower surface 
pressures the pressure dropped largely during 
the first minute and attained the constant 
value several minutes after compression, while 
at higher pressures the change of surface 
pressure with time was small. The condensed 
monolayer around pH 6 was observed to 
have some rigidity. When the pH of the 
solution exceeds 6.3, the monolayer begins 
to expand again, but this time it showed 
high rigidity. Maximum expansion and rigid- 
ity were reached at pH 8.3, where the limit- 
ing area attained as large as 50 A? per 
molecule. The monolayer was very stable 
over this pH region of high expansion and 
rigidity and no such phenomenon of pressure 
dropping as was found around pH 6 was 
observed. 

In Fig. 3 the limiting areas obtained by 
pressure-area relations are plotted against 
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the pH of the substrate solution. In the 
same figure the areas which make viscosity 
(at pH’s smaller than 4) and rigidity (at pH’s 
larger than 4) of the monolayer suddenly 
large on compression are also shown as a 
function of the pH of the solution. It is 


NT 
color of the substrate solution +. 


-Tose------- SnOst..----blue----(settles) 











/molec.) 


2 


° 


>Area (A 


—>pH 


Fig. 3. Limiting area vs. pH of the 
monolayer of stearic acid on 10~* mol./I. 


CoCl, solution. Temperature 25-26°C. 
© with cobalt ion (from surface pres- 
sure data); ( with cobalt ion (from 


rheological data); @ without cobalt ion 
(from surface pressure data). 


observed that the limiting area obtained from 
the pressure-area relations is almost the same 
as that obtained from the rheological data 
at each pH value. The color of 10-* mol./1. 
CoCl, solution of varying pH values is 
recorded in the upper part of Fig. 3. In the 
alkaline solution the color changed from blue 
to bluish green, then to yellow with the 
aging of the solution, and finally after some 
periods of time the precipitate of hydroxide 
settled out. Around pH 8.5 the precipitation 
was observed without aging. 

(2) Effect of Aging of 10-* mol./l. CoCl. 
Solution.—Fig. 4 shows pressure-area rela- 
tions of the monolayer of stearic acid on the 
surface of 10° mol./l. CoCl, soluion which 
has been aged for the periods of time indi- 
cated in the figure. The initial pH of the 
solution was 8.3, but it decreased with time 
as shown in Table I, in which the change 
in appearance of the solution was also re- 
corded. It was observed that the monolayer 
showed a little condensation on the solution 
in the earlier stage of aging, but it recovered 
or slightly exceeded the initial expansion by 
further aging of the solution. The monolayer 
maintained its high rigidity on the’ aged 
solution. No precipitation was observable in 
the CoCl, solution before 300 hours of aging ; 
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TABLE I 
AGING OF 107? MOL./L. CoCl, SOLUTION 


Aging time (hr.) 0 0.5 3. 


pH 8.3 


greenish 
blue 


clear solution 


blue 
Appearance 


(dyn./cm.) 


>Pressure 


—-» Area (A2/molec.) 

Fig. 4. Effect of aging of 10% mol./l. 
CoCls solution of pH 8.3 on stearic acid 
monolayer on it. Aging time is (1) 0; 
(2)0.5; (3)3.5; (4)24; (5)72; (6) 336 
hours. Temp. 22-27°C. 


after that the area of the monolayer showed 
considerable decrease. 

(3) Effect of Other Electrolytes.—sodium 
chloride, ammonium oxalate or sodium citrate 
was added to 10-* mol./l. CoCl, solution and 
the pH of the solution was adjusted to 8.3. 
The concentration of each added electrolyte 
was 5X10-* mol./l. The pressure-area curves 
of stearic acid monolayer formed on these 
mixed solutions are shown in Fig. 5. It is seen 
that ammonium oxalate and sodium citrate 
make the expanded monolayer completely or 
almost completely condensed, while sodium 
chloride has no effect. On the other hand, 
when these electrolytes were injected into 
the substrate CoCl, solution after the mono- 
layer had been formed on it, the condensing 
effect of ammonium oxalate and sodium 
citrate was small in the uncompressed state 
(0.1 dyn./cm.)and not observable in the com- 
pressed state (about 10 dyn./cm.) of the 
monolayer. 

(4) Self-diffusion of Cobalt Ion.—In Table 
II self-diffusion coefficients of cobalt ion in 
10-* mol./l. CoCl, solution are recorded as a 
function of initial pH of the solution. In 
the acid and neutral solutions the diffusion 
coefficients obtained from four capillaries at 
the same pH coincided with one another 
within +3 per cent. On the other hand in 


8.0 a. 


5) 


9 


yellowish 
blue 


24 72 


7.8 7.5 7.3 


brownish 
yellow 


yellow 


yellow 


greenish 
yellow 


slightly turbid solution precipitated 


o& 


—_ 


>Pressure (dyn./cm.) 


20 w 40 ” 
— »Area (42/molec.) 

Fig. 5. Effect of added electrolytes on 
pressure-area relations of stearic acid 
monolayer on 107? mole./l. CoCls solution 
at pH 8.3. (1) no salt; (2) sodium 
chloride; (3) ammonium oxalate; (4) 
sodium citrate. Temperature 26°C. 


the alkaline solutions the fluctuation of 
maximum -¢16 per cent was observed. Not- 
withstanding this large fluctuation, it is seen 
that the diffusion coefficient apparently de- 
creases as the pH of the solution becomes 
larger than 7. When the Einstein-Stokes 
equation is assumed to hold, the radius of 
diffusing species regarded as spherical par- 
ticles can be calculated from the observed 
values of the diffusion coefficient, as shown 
in the last column of Table II. 


TABLE II 
SELF-DIFFUSION COEFFICIENT AND RADIUS 
OF DIFFUSING SPECIES OF COBALT ION AT 

yt 

Dx 10° (cm2/sec.) 

9.4+0.1 
9.6+0.3 
9.2+0.1 
9.5+0.3 
.8+0.8 
-8+0.8 
.0+0.8 


radius (A) 
3.3 
3.3 
3.4 
3.3 
3.6 
4.0 
6.3 


cv 


NNNOYML 


9 90 


.8 (precipitated) 























































Discussion 


In the acid solution cabolt ion exists in 
the state of hydrated divalent ion which has 
rose color. When aqueous sodium hydroxide 
is added to this solution dropwise, the rose 
color fades gradually away to almost colorless 
around pH 6.3 in the case of 10-* mol./lI. 
CoCl, solution, then, by further addition of 
alkali, the solution turns to blue. It is 
probable that the change in color of the 
cobalt solution by addition of alkali corres- 
ponds to the change in the state of cobalt 
ion in the solution. By the addition of alkali 
to the neutral solution of CoCl, the first 
process which is assumed to take place will 
be that one of the hydrated water molecules 
is substituted by a hydroxyl group to form 
basic cobalt salt, which is considered to be 
blue in color'®. The colorless solution around 
pH 6.3 may correspond to the region of transi- 
tion from hydrated divalent ion to basic salt. 
The blue solution is not stable enough, because 
the color changes gradually to yellow by 
aging of the solution and precipitation takes 
place after some periods of time. This aging 
of the alkaline solution, which is accompanied 
by decrease in pH of the solution as shown 
in Table I, may be due essentially to transi- 
tion from basic salt to hydroxide by further 
combination with hydroxyl group, accom- 
panied by its oxidation to trivalent cobalt. 
It is to be noted that the solution in this 
state, before precipitation takes place, reveals 
colloidal nature. It is shown in Table II that 
the size of diffusing species at pH 8.0 is 
almost twice as large as that in the acid and 
neutral solutions. It is reasonable to assume 
that cobalt ion forms larger aggregates in 
the alkaline solution of CoCl, The large 
fluctuation of diffusion data in the alkaline 
solution of the same pH value suggests that 
the process of aggregation to larger particles 
depends sensibly upon conditions, the fact 
being usually the case with colloidal solutions. 

The interaction between stearic acid mono- 
layer and cobalt ion in alkaline solutions is 
closely related to the aggregated state of 
the ion in the solutions. When stearic acid 
is spread on the alkaline solution of CoClz, 
stearate ions in the monolayer, formed by 
the dissociation of the acid, will hold cobalt 
ion aggregates and produce a two-dimensional 
network structure, which causes large expan- 
sion and high rigidity of the monolayer. In 
the fresh solution the aggregates are consi- 
dered to be composed mainly of basic ions 


14) J. W. Mellor, ‘‘A Comprehensive Treatise of 
Inorganic and Theoretical Chemistry’’, Longmans, 
Green and Co., London (1935), Vol. XIV, p. 628. 
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interlinked by hydrogen bonding, but with 
aging of the solution the basic ion aggregates 
will decrease, due to the formation of hydrox- 
ide. Still the aged solution shows similar 
or sometimes greater, interaction with the 
stearic acid monolayer, as shown in Fig. 4. 
This seems to suggest that some aggregates 
are adsorbed physically to the monolayer so 
that they may offer some contribution to the 
expansion of the monolayer. On compression 
those physically adsorbed aggregates will be 
squeezed out of the monolayer and in the 
highly compressed state only strongly bound 
cobalt will remain in the film. It is difficult 
to explain such large expansion of the stearic 
acid monolayer as found in the present work 
only by the interaction with simple basic ion, 
without taking the aggregated state of ion 
into consideration. 

The effect of complex-forming agents, such 
as ammonium oxalate and sodium citrate, on 
the cobalt ion-stearic acid monolayer interac- 
tion is remarkable, as shown in Fig. 5. Pro- 
bably these agents form complex anions with 
cobalt in the alkaline solution, so that both 
large expansion and high rigidity of the 
stearic acid monolayer disappear. However, 
when these agents are injected into the sub- 
strate solution after the monolayer has been 
formed on it, they are not capable of taking 
cobalt from the compressed monolayer, be- 
cause the cobalt atom is attached to the 
monolayer strongly. Small condensation by 
ammonium oxalate of the monolayer without 
compression may be due to extraction of 
physically adsorbed aggregates. It is inter- 
esting to note that these complex-forming 
agents hinder the formation of radiocolloids 
of lanthanum” and yttrium™. 

Around pH 6.3 the dissociation of stearic 
acid is not complete and also the formation 
of basic ion, accordingly, of aggregated state 
is not enough. The result would be that 
the monolayer is composed of free stearic 
acid, normal cobalt stearate and polymeric 
compound. In such a mixed monolayer the 
network structure as assumed in alkaline 
region would not be developed enough, 
because low-molecular cobalt stearate and 
stearic acid dispersed in the monolayer would 
hinder its development. On compression of 
the monolayer the partly developed network 
structure will be broken to some extent. 
This would be a cause of rapid dropping of 
surface pressure with time over this pH 
range. Finally the limiting area of 21 A? 


15) G.K. Schweitzer and W.M. Jackson, J. Am. Chem. 
Soc., 74, 4178 (1952). 

16) G.K. Schweitzer, B.R. Stein and W.M. Jackson, 
ibid., 75, 793 (1953). 
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per molecule is attained, and this is practi- 
cally due to the condensing effect of divalent 
cobalt ion, just as that of calcium ion in the 
alkaline region”. 

Kurbatov et al.’ showed in the experi- 
ment of adsorption of cobalt ion on hydrous 
ferric oxide that the number of the equiva- 
lent of hydrogen ion displaced by 1 gram- 
atom of cobalt on the adsorbent was 1.2. 
This seems to suggest that the complicated 
state of cobalt as considered in the present 
work also takes part in the adsorption on 
the solid surfaces. It is probable that other 
metal ions of the transition elements or 
polyvalent ions form the state of aggregates 
around pH of hydroxide precipitation, just 
as is the case with cobalt ion, and this state 
is responsible for the specific effect of these 
metal ions on various surface chemical phe- 
nomena. The behavior of these metal ions 
found in the adsorption on built-up film of 
stearic acid‘? and in wettability of solid 
stearic acid surfaces’ are also accounted 
for by this fact. It is to be noted that in 
these experiments, including the present one, 
the extent of interaction, the pH range of 
specifc interaction, and other data are not 
necessarily reproducible. This indicates that 


the formation of aggregates is affected by a 


17) M.H. Kurbatov, G.B. Wood and J.D. Kurbatov, J. 
Phys. & Colloid Chem., 55, 1170 (1951). 

18) M. Muramatsu, and T. Sasaki, This Bulletin, 25, 
21, 25 (1952). 

19) A. Inaba, ibid., 25, 174 (1952); 26, 43 (1953). 
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number of factors such as aging, method of 
preparation of the solution, purity of water, 
property of the glass vessel, and others, which 
are difficult to be put under perfect control. 


Summary 


The presence of aggregates of cobalt ion 
in the alkaline solution of 10 mol./l. CoCl. 
was shown by the measurement of self-dif- 
fusion coefficients. Large expansion and high 
rigidity of the stearic acid monolayer caused 
by cobalt ion in the alkaline solution were 
accounted for by the interaction of stearate 
ion in the monolayer with the aggregates of 
cobalt ion in the solution, resulting in the 
formation of two-dimensional network struc- 
ture in the film. This idea was confirmed 
by the effect of aging of the substrate solu- 
tion and also by the action of complex-form- 
ing agents such as ammonium oxalate and 
sodium citrate on the monolayer-ion interac- 
tion. 


The authors wish to express their thanks 
to Prof. T. Sasaki, Tokyo Metropolitan Uni- 
versity, for his advice and encouragement 
and also to Mr. M. Muramatsu, Fukuoka 
Gakugei University, for his discussion on 
this work. 
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Introduction 


The use of some surface active substances 
such as gelatin and some sorts of organic 
dyes to suppress the so-called maximum has 
been widely known in polarography. The 


1) Presented at the discussion on polarography held 
by the Chemicai Society of Japan and the Electrochemical 
Society of Japan in November, 1954, and at the 8th An- 
nual Meeting of the Chemical Society of Japan in April, 
1955. 

2) Present address: Department of Chemical Industry, 
Faculty of Engineering, Yokohama National University, 
Yokohama. 


effect of such substances on the polarographic 
current-voltage (c-v) curve is of great impor- 
tance from both the theoretical and practical 
standpoints. As the electrode process gener- 
ally takes place at the interface between two 
separate phases, it is expected to have a 
close relation to the surface phenomena like 
adsorption of surface active substances. The 
structure of the electrical double layer at 
the electrode interface is evidently changed 
by the adsorption of such substances, and 
such an effect will appear on the electrode 
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processes. In the polarographic method with 
the dropping mercury electrode (DME), it is 
possible to study both the electrode process 
and the electrocapillary phenomena at the 
same interface, which seems to be a great 
advantage in the study of the effect of surface 
active substances on the electrode process. 

Some studies along this line have been 
published in the literature”. J. Heyrovsky 
mentioned the effect of the films of adsorbed 
molecules such as pyridine in the discussion 
on the mechanism of electrodeposition of 
metals”, and J. E. B. Randles reported that 
the addition of small amounts of gelatin or 
methyl red changed the rate of some electro- 
chemical processes”. The formation of 
micelles of some surface active substances 
and its effect on the polarographic reduction 
waves were discussed by E. L. Colichman, who 
proposed a new method for the determination 
of the critical micelle concentration (CMC) by 
the polarographic method®. To our best 
knowledge, however, there have been only 
few studies which concern the relation be- 
tween the electrode processes and the elec- 
trocapillary phenomena at the DME. Further- 
more, the recent rapid development in the 
synthetic detergents makes it possible to get 
some sorts of surface active substances with 
similar main aliphatic parts but different elec- 
trical property, which will be very desirable 
in such studies as mentioned above. Under 
these circumstances, we have planned to study 
the effect of three kinds of synthetic deter- 
gtnes on the polarographic reduction process 
of metallic ions and their electrocapillary 
(E-C) curves by using the DME”. 


Experiments 


Materials.—The detergents used in this study 
are listed in the following table. These deter- 
gents, which were kindly given by the Nezu 
Chemical Laboratory, Tokyo, were of the highest 
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purity available and free from impurities which 
were reducible at the DME. All other chemicals 
were of reagent grade and used without further 
purification. The mercury of the DME was 
washed several times with dil. HNO; solution and 
distilled water, and was distilled three times under 
vacuum, 

Apparatus and Procedure.—Both pen-record- 
ing polarograph (POL-I, Yokogawa Electric Works, 
Co.) and manually operating polarograph were 
used to obtain the c-v curve. The polarographic 
cell used throughout the present study is shown 
in Fig. 1, the resistance of which was about 40 2 


DME 


+—— microburette 


wh 
\g) Ag a _ (~——nitrogen inlet 
bead ( 

| 4 hf rubber sleeve 

em | a 
Wit }}| | | ¢|——nitrogen outlet 

rubber 

— rubber tubing 





ib | 


Fig. 1. Polarographic cell assembly: 


| 
| } 
| 
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in 0.1N KCl solution. The capillary constant of 
the DME was 2.060 mg?* sec~!2 in 0.1 N KCI solu- 
tion without applied potential. A specially 
designed mercury reservoir using the principle of 
the Mariotte flask® was used to keep the level 
of the mercury column of the DME constant. 
The potential of the reference electrode (Ag-AgCl 
electrode) was occasionally checked against the 
normal calomel electrode (N. C. E.). Because 
the height of the polarographic maximum is very 
sensitive to a slight change in the condition of 
the system, the maximum suppression point (MSP) 
of the detergents was determined by observing 
the change of the maximum current with the suc- 
cessive addition of the solution of detergents from 
a microburette in Fig. 1, in order to maintain the 
condition of the system as constant as possible. 
The E-C curve was obtained in 0.1 N KCI solution 
with the various concentrations of the detergents 


TABLE I 
Detergent Molecular Weight 
Sodium dodecyl! sulfate (SDS) Ci2H2;504Na anionic 288. 4 
Dodecyl pyridinium bromide (DPB) C;HsNBrC He; cationic 328.3 
Polyoxyethylene lauryl ether (LEO) Cy2Hg,0(C3H4O);,;0H non-ionic 862 


3) For example: L. Meites and T. Meites, J. Am. 
Chem. Soc., 73, 177 (1951); N. Tanaka and M. Kobayashi, 
This Bulletin, 24, 132 (1951) ; M. Dratovsky and M. Ebert, 
Chem. Listy, 45, 88 (1951); J.E. Strassner and P. Dela- 
hay, J. Am. Chem. Soc., 74, 6232 (1952). 

4) J. Heyrovsky, Discussions Faraday Soc., 1947, 
212. 

5) J.E.B. Randles, ibid., 1947, 11. 

6) E.L. Colichman, J. Am. Chem. Soc., 72, 4036 
(1950). 

7) Recently, a similar study was independently carried 
out by Sj. L. Bonting and B.S. Aussen, which appeared 
in Rec. trav. chim. pays-bas, 73, 455 (1954). 


by measuring the drop-time of 10 drops of mercury 
from the DME at each electrode potential under 
the assumption that the interfacial tension is ap- 
proximately proportional to the drop-time®. All 
measurements were carried out at 25.0 +0.1°C, 
and the dissolved oxygen in the solution was ex- 
pelled by bubbling nitrogen through the solution. 


8) E.F. Mueller, Ind. Eng. Chem. Anal. Ed., 12,171 
(1940). 

9) 1.M. Kolthoff and J.J. Lingane, ‘‘ Polarography” 
Vol. I, p. 84, 1952, Interscience Pub. 
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Experimental Results 


Maximum Suppression Point.—The effect 
of the detergents on the polarographic maxi- 
mum was studied with the reduction waves 
of Pb?*- and Ni?*t- ions in the medium of 
0.1N KCl solution. The MSP is defined as 
the minimum concentration of the detergents 
which is necessary to make im/ii equal to 1”, 
where 7m means the maximum current and 
2; the limiting current. It was determined 
graphically by plotting im/ii against the 
logarithm of the concentration of the deter- 
gents, log C (Fig. 2 and Table II). 


im/ti 


4 
2ar 





log C (mol./l.) 

Fig. 2. The relation between im/ii and 
the logarithm of the concentration of 
detergents in the systems of 3mm Ni?*- 
detergents in 0.1 N KCI solution. 

a, SDS; b, DPB: c, LEO. 


TABLE II 
THE MSP OF THE DETERGENTS 





| MSP 
Detergent | 
| Pb?*+-max. Ni*+-max. 
SDS | 2.3 10-6m 1.1x10-3m 
DPB | 2.3% 10-8 1.9x10-m 
LEO | 1.3 10-8 1.0 10-64 
(Gelatin | 1.1x10-*% 1.21073 %) 


} 


The Effect of Detergents on the C-V 
Curve.—The half-wave potential and the re- 
lation between the electrode potential, V, and 
log i/(t1-i) (the log-plot analysis) were investi- 
gated with the reduction processes of TI*-, 
Pb?*— and Ni?*- ions in 0.1N KCl solution 
with the various concentrations of the deter- 
gents. In general, the half-wave potential 
shifted to the more negative and the shape 
of the c-v curve was gradually distorted 
with the increase of the concentration of 
detergents. These tendencies were most 
clearly seen in the systems of Ni?+-LEO and 
Ni?*-DBP, then in the systems of Pb?+-LEO 
and Pb?*-SDS, and least in the system of 
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TI*-DPB. If we plot the half-wave potential 
of the metallic ions in the systems of Ni?*- 
LEO and Pb?*t-LEO against the logarithm of 
the concentration of detergents, an interesting 
relation is obtained as in Fig. 3, which shows 
a sudden change in the half-wave potential 
in a certain concentration range of the 
detergent. 


V,, volt vs. N.C.E. 

















log C (mol./l.) 
Fig. 3. The relation between the half- 
wave potential of Pb?*t-reduction wave 
and the logarithm of the concentration 
of LEO in 0.1 N KCI solution. 


There was practically no effect of the pres- 
ence of DPB or LEO on the shape of the 
c-v curve of Tl*-ion, but it was slightly af- 
fected by the presence of SDS. In the case 
of Pb?*t-ion, an apparent change in the c-v 
curve was detected by the addition of a 
certain amount of SDS or LEO. The sym- 
metrical property of the c-v curve of Ni?*- 
ion was extensively disturbed by the pres- 
ence of LEO or DPB in the system. The 
effect of DPB, however, could not be studied 
at its higher concentrations, because of the 
interference of the reduction wave of DPB 
itself on the c-v curve of Ni’*-ion. 

The limiting current of the metallic ions 
was approximately kept unchanged over a 
relatively wide concentration range of the 
detergents in each of the present systems. 

Some of the typical experimental data are 
summarized in Table III. a@ in the third 
column of the table is a fractional number 
between zero and one, which appeared in the 
equation for the polarographic c-v curve of 
the activation-controlled type™ : 

V=const— RT ii, (1) 

nak 2-2 
where v is the number of electrons which 
participate in the redox reaction of the re- 
ducible substances at the DME. The value 
of a was calculated from the tangent of the 


10) R. Tamamushi and N. Tanaka, This Bulletin, 22, 
227 (1949). 
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TABLE III 




















THE EFFECTS OF DETERGENTS ON THE POLAROGRAPHIC REDUCTION WAVES 
Fic VOR we. N.C. EZ. log-plot analysis (@) 0t/A log C E-C max. 

Concn., ? volt. vs. 
mol. /! Tit Pb Ni? Ti+ Pb?+ Ni E-Cmax. —1.12v. N-©- E- 

SDS 
4.0x10-6 ' 417 * * . 66 , .10 .09 -. 49 
8.0 7 , — ‘ “ — .10 .09 —_ 
2.0x 107 -, 481 . 442 79 unsym(S$) ‘ .10 .05 .49 
4.0 4 . 494 . 447 unsym(S) ” ({S) . . 65 .O1 ot 
8.0 7 . 487 . 439 * .74 ” (S$) 1.24 0 ca. 4—.7 
1.2x 10-4 . 490 . 429 : . 68 y ({(S) 14 to €@. 5 —.8 
16 7 . 497 - 442 unsym(S) ym (8) ' 47 23 ca. —.3 —.8 
2.7 * . 503 . 44) ; Y (S) Y] (L) 97 0 ca. 3 —.8 

DPB 
8.0 x 10-6 477 417 x 1.02 75 x .02 x . 48 
2.8x10™ - 419 x — 74 ¥ . 36 x ca. —.4 —.6 
4.0 » . 484 419 x see 76 x 1. 46 x ca. .4 










.0x 10 . 424 7 3 1 
20 _ . 423 x 74 K 32 x _ 4 
4.0 7 . 483 . 427 x . 90 . 61 oa . 66 x | 4 
1.0 x 10-* - 412 x — ay < oo x a 
i aa . 461 . 397 x . 87 . 80 ‘ OF X oe 





LEO 













2.0 107% — . 418 - - 99 — — _ —_— 
8.0 4 474 -419 1.055 94 . 60 . 40 0 0 49 

2.0x10™ - 1.111 — unsym(L) . 63 .33 45 

aelUF . 492 . 427 1. 209 74 unsym(L) a {(S) 1.78 3.68 ca. —.2 > 
4.0 7 . 493 422 isto 78 Y (L) 4 (S) 2.14 2.03 ca. —.1 4 
1.0x 10-4 . 493 . 437 74 y (L) — 1.14 .69 ca. —.1 3 
2.0 2» -— - 1.576 -— unsym(U) .78 -40 ca. —.1 3 
4.0 7 . 487 . 461 — . 80 unsym(L) — . 46 .37 ca. —.1 3 
1.91073 . 489 . 465 - ef g (L) — .10 .12 ca. —.1—.3 






* Can not be determined because of the presence of maximum. 
x Can not be determined because of the interference due to the reduction wave of DPB. 
unsym(S): The log-plot shows a S-shaped curve. 

unsym(U); The upper half of the polarographic wave is steeper than the lower half. 
The lower half of the polarographic wave is steeper than the upper half. 















unsym(L): 









log-plots by assuming that m=1 in the case 
of Tl*-ion and m=2 in the case of Pb?t-or 








Ni’?*-ion. 5 oO . 
. rte - ” ~ o<« 
Electrocapiilary Curve.—The presence of one * 
a certain amount of these detergents changed i, ‘ 
both the position of the electrocapillary maxi- ~~ ‘ 
“ @ 









mum (E-C max.) and the shape of the E-C 
curve as shown in Fig. 4. The addition of \ ¥ 


















SDS more than 1x10-'M in its cocentration | » \ 
greatly flattened the curve and lowered the mY = w\ 
interfacial tension at the potential of the a ~e— 16x10" M SDS \\ 
E-C max., the latter effect of which, however, 20x10" AP DPB Y 
was quite small at any potential more negative > 29°10" M LEO 

than about —1.2 volts. In the case of DPB, ZF 

the E-C max. was shifted to the more posi- 

tive and the interfacial tension was mainly 

lowered in the potential region of the nega- 

tive branch. The presence of LEO lowered Y a | ce 
the interfacial tension over the whole poten- V, volt vs. Ag] AgC! electrode 
tial region from 0 to —1.8 volts with the Fig. 4. The electrocapillary curves of 





gradual shift of the E-C max. to the more detergents in 0.1 N KCI solution. 
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positive potential. This suggests that LEO 
will be polarized at a polarized electrode sur- 
face, the positive end of the induced dipole 
being surface active. 

If the drop-time at the E-C max., tmax,. is 
plotted against the logarithm of the concent- 
ration of detergents, log C, the curves as shown 
in Fig. 5 are obtained. The tangent of the 


$, Sec. 


— 








10 a 
log C (mol./l.) 

Fig. 5. The relation between the drop- 
time and the logarithm of the concentra- 
tion of detergents in 0.1 N KCI solution. 
a, SDS at EC max.: b, LEO at E-C 
max.; c, SDS at -1.12 volts vs. N.C.E. 


relation between fmax. and log C is shown to 


be approaimately proportional to the surface- 


excess of the neutral detergent molecule at 
the electrode surface at the potential of the 


E-C max., "3", because, under the assump- 
tion that the surface excess of solvent is 
equal to zero, 


max, 
do —_ __. J *max. 
det. 


dpdet. a 
is derived from the Gibbs adsorption equation 
applied to an ideal polarized electrode at 
constant temperature and pressure: 


do = —qdE—qd(4p)—ZT idypi (2)' 

co: The interfacial tension of phases be- 
tween the electrode and the solution. 

yi: Thechemical potential of a component 


represented by its subscript. 

I';: The surface excess of that component. 

q: The surface charge density of electrici- 
ty on the metallic phase. 

E: The total applied potential difference 
between the working electrode and 
the reference electrode measured by 
a potentiometer. 

4: The potential difference between the 
solution phase and the reference 
electrode. 

It is also assumed in the present discussion 
that the activity coefficient of detergents in 
our systems is equal to one. This relation 


11) D.C. Grahame, Chem. Revs., 41, 441 (1947). 
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can be used in the discussion of the effect 
of the detergents on the reduction process 
of Tl*- or Pb?*- ion which is reduced at the 
electrode potential near the E-C max. 

In the very low concentration range of the 
detergents, the value of the tangent is very 
small, which indicates a negligible amount 
of adsorption. Such alow concentration range 
is followed by the region of the almost con- 
stant inclination corresponding to the constant 
value of [. With the further increase of 
the concentration of the detergents, however, 
the drop-time is not decreased markedly, 
which does not necessarily mean the decrease 
in I” of the simple detergent molecule but will 
be interpreted by the change in the state of 
the system such as the micelle formation of 
the detergent molecules'”. It must be men- 
tioned here, with regard to the usual method 
of the determination of CMC from the data 
of the surface tension, that, in the relation 
between fmax. and log C, non-ionic detergent 
LEO shows only one relatively smooth step 
but ionic detergents have a tendency to show 
two steps provided that the determination 
is carried out over a wide concentration range 
(Fig. 5). 

The drop-time was also plotted against log 
C at a constant electrode potential of —1.12 
volts, the result of which will be useful 
in the discussion of the effect of detergents 
on the reduction process of Ni?*t-ion which 
is reduced at this potential. It is shown 
from Eq. (2) that the tangent of such a rela- 
tion is approximately proportional to the sur- 
face excess of detergent at this potential as 
in the case of the E-C max., i.e., 


112 
— 112 
dpdet. det, 


provided that the value of 4y in Eq. (2) is 
assumed unchanged with the change in pet. 
This assumption seems plausible because of 
the presence of KCl in excess as the indiffer- 
ent electrolyte. In the case of LEO and DPB, 
the result at —1.12 volts was qualitatively 
similar to that at the E-C max., but SDS 
showed a quite different curve as in Fig. 5-c 
indicating a negligible adsorption of SDS at 
—1.12 voluts over the whole concentration 
range of SDS. This can be explained by 
considering the desorption of SDS at such a 
negative potential, which has been once ad- 
sorbed at the more positive potentials. 


Discussion 


E. L. Colichman stated that the usual 
CMC “seems to be equal to the concentration 


12) C.P. Roe and P.D. Brass, J. Am. Chem. Soc., 76, 
4703 (1954). 
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of colloidal agent just sufficient to suppress 
maxima, the maximum suppression point 
(MSP)’”’. However, Table II shows that the 
MSP of the detergents in our present systems, 
except one of SDS and Ni?*-ion, are in the 
order of 10-° mol./l. which is much lower than 
the generally accepted value of CMC of these 
detergents'®. The very poor ability of SDS 
to suppress the maximum of Ni?*t-ion will be 
at first sight explained by considering that 
the adsorption of SDS on the DME is almost 
absent at such a negative potential as that 
of Ni?*-maximum (Fig. 5-c and Table III). 
However, in the case of LEO or DPB, which 
are very active to both of Pb?t- and Ni?’*- 
maxima, the lowering of the interfacial ten- 
sion and the adsorption of these detergents are 
also shown to be quite small at such a low 
concentration range as their MSP from the 
result of the E-C curve. These experimental 
results suggest that the suppression of the 
polarographic maximum will not only concern 
the adsorption or the change in the inter- 
facial tension due to the presence of surface 
active substances but also the slight change 
in the structure of the electrical double layer. 
At any rate, it can be concluded that these 
detergents are generally very effective to 
suppress the polarographic maximum and are 
preferable to gelatin in the following respects: 
1) these detergents do not seem to have any 
tendency of complex-formation with metallic 
ions; 2) the viscosity of the solution does 
not change makedly by the addition of their 
small amount enough to suppress the maxi- 
mum; 3) they are completely free from de- 
terioration. 

With regard to the difference in the elec- 
trical property of the detergents, which ap- 
pears in their effect on the polarographic c-v 
curve, it can be said from the experimental 
results that the anionic detergent generally 
has a larger effect than the cationic one on 
the reduction process with the half-wave 
potential more positive than the E-C max., 
and vice versa. It must be mentioned that 
the non-ionic detergent, LEO, gives a rela- 
tively large influence to the polarographic 
c-v curve in all cases. The result of the E-C 
curve also reflects the difference in the elec- 
trical property of the detergents. 

The apparent value of @ in Table III, which 
should be equal to one under the simplest 
condition if the overall electrode process were 
diffusion-controlled'™, the distortion of the 
c-v curve, and the shift of the half-wave 
potential to the more negative suggest that 


13) For example, C.P. Roe and P.D. Brass gave the 
value of 1.451073 mol./l. for the CMC of SDS at pH 6.5 
and Na* -ion concentration of 0.1 mol./l.'2). 
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the overall electrode process becomes more 
and more activation-controlled' and the re- 
duction process is retarded with the increase 
in the concentration of the detergents. Such 
a tendency is the largest in the case of the 
so-called irreversible reduction process of 
Ni?*-ion, then in the case of reversible reduc- 
tion process of Pb?*-ion, and the least in the 
case of completely reversible reduction process 
of Tl*-ion in the. present systems, which is 
in good agreement with Heyrovsky’s theory 
on the mechanism of the reduction process 
of metallic ions®. It should be mentioned 
here, however, that even the reduction process 
of Tl*-ion, which had been expected to be 
completely reversible and not influenced by 
the adsorption of the surface active sub- 
stances according to J. Heyrovsky, was shown 
to be affected, although to a relatively small 
extent, by the presence of a certain amount 
of SDS (or LEO). 

The relation between the effect of the 
detergents on the c-v curve and the results 
of the E-C curve must be emphasized at the 
end of the present discussion. Generally 
speaking, the concentration range of the 
detergents, in which the shift of the half- 
wave potential and the distortion of the c-v 
curve of the reduction process of the metallic 
ions clearly appear, almost coincides with 
the concentration range corresponding to the 
constant value of the surface excess of the 
detergents as shown in Fig. 5. Such a rela- 
tion is most clearly seen in the one to one 
correspondence between the relation of half- 
wave potential vs. log C and that of the 
drop-time vs. log C in the system of Ni?+-LEO 
or Pb?*-LEO (Figs. 3. and 5-c). 

It can be said from all these experimental 
results that the effect of the surface active 
substances on the electrode process of metallic 
ions at the DME has a very close relation to 
the adsorption phenomena of the surface 
active substances and the structure of the 
electrical double layer at the electrode inter- 
face. The difference in the effect, which was 
given to the polarographic c-v curve by the 
presence of the surface active substances 
with the different electrical property, will 
suggest, as pointed out by J. Heyrovsky”, 
that the adsorption layer of these substances 
mainly affects the transfer of electrons at 
the electrode interface and not the diffusion 
process of metallic ions. The results of the 
present study are expected to provide some 
new experimental facts to the study of the 
polarographic maximum and the mechanism 
of the electrode processes. 
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Summary 


The effect of three detergents on the polaro- 
graphic electrode reduction processes of TI*-, 
Pb?*- and Ni**-ions was studied together 
with the E-C curve of these detergents. It 
was shown that these detergents were very 
effective to suppress the polarographic maxi- 
mum and their surface excess was shown to 
be very small] at the concentration range of 
their MSP from the study of the E-C curve. 
The half-wave potential was shifted to the 
more negative and the shape of the c-v curve 
was distorted by the presence of these deter- 
gents, the degree of which was the largest 
in the case of Ni?*-ion and the least in the 
case of Tl*-ion. The anionic detergent seem- 
ed to have a larger effect than the cationic 
one on the electrode process with the half- 
wave potential more positive than the E-C 
max., and vice versa. It was shown that the 
effect of the detergents on the polarographic 
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c-v curve was parallel to the result on their 
adsorption phenomena obtained from the E-C 
curve. From these results it was concluded 
that the polarographic electrode process is 
greatly influenced by the change in the struc- 
ture of the electrical double layer and that 
it will be the electron-transfer process which 
is mainly affected by the presence of the 
adsorption layer of the surface active sub- 
stances. 


We thank. to Prof. T. Tachibana for his 
great encouragement throughout this study. 
We also greatly appreciate the kindness of 
Mr. K. Meguro of the Nezu Chemical Labor- 
atory in providing the samples of the synthet- 
ic detergents. 
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Introduction 


By means of grand partition functions, 
Mc Millan and Mayer” derived a rigorous 
series expansion for the osmotic pressure in 
terms of concentration. The first applications 
of their theory to polymer solutions were 
made by Zimm”, who expressed the osmotic 
pressure JT as: 

IT/c=RT[(1/M)+Azc+ Asc? +--+ J, (1) 
where c is the concentration of polymer in 
mass per unit volume of solution. M is the 
molecular weight of the polymer and the Ay,, 
so called virial coefficients, are constants at 
constant temperature. Since most measure- 
ments are made in fairly dilute solutions, 
the third and higher coefficients ordinarily 
need not be considered. To increase the 
accuracy of the extrapolation procedure, 
however, it would be desirable to make 
clearer the expression for the third virial 
coefficient. From the calculations of Bawn 

1) W.G. McMillan and J.W. Mayer, J. Chem. Phys., 


13, 276 (1945). 
2) B.H. Zimm, J. Chem. Phys., 14, 164 (1946). 


and Wajid”, moreover, it can be seen that 
molecular weight dependency of A, depends 
strongly on the kind of expression that is 
used for the II vs. c relation. An expression 
for As had been given by Grimly”, who 
deduced approximately in a limited interval 
of molecular weights, 


A,=CM-, (2) 


where C and ¢« are constants depending on 
the molecular dimensions and the excluded 
volume of the representative chain element 
in that interval. In  polystyrene-toluene 
system”, the value 0.15 is found for e from 
a quadratic equation (cf. Eq. (I)), whereas a 
value of 0.33 is found when the relation of 
Flory and Krigbaum” is used for the third 
virial coefficient. 

Flory and Krigbaum” have assumed, as an 
approximation, that A, bears the same re- 


3) C.E.H. Bawn and M.A. Wajid, J. Polymer Sci., 12, 
109 (1954). 

4) T.B. Grimly, Proc. Roy. Soc. London, A212, 339 
(1952). 

5) P.J. Flory and W-R. Krigbaum, J. Chem. Phys., 
18, 1086 (1950). 
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lation to A; as in the case of hard sphere 
molecules, and have written 


Aa” 2.AIM. (3) 


This “ hard sphere approximation” doubtless 
makes the third term too great, and actually 
gives more than ten times greater values 
for A; than those calculated by Bawn’s 
graphical method™ in the system cited above. 
Recently, Krigbaum and Flory themselves” 
have concluded from new osmotic measure- 
ments on polyisobutyrene in cyclohexane and 
polystyrene in toluene that this hard sphere 
treatment gives a greater value for A; than 
the data warrant. 

At first sight, the above discrepancy of 
the A; value appears to be eliminated by 
Stockmayer and Casassa®. With the aid of 
approximate models for the intermolecular 
potential energy, they have obtained the 
third virial coefficient as a function of the 
second coefficient and Flory’s parameter a, 
which is obtainable from intrinsic viscosity. 
According to them, 
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In this paper, the dependency of the para- 
meter @ on polymer concentrations will be 
considered, and it will be pointed out that 
the source of the above contradiction may 
be explained, at least qualitatively, by this 
procedure. 


The Dependency of the Ratio I/I2 


upon Molecular Weight 
For the hard sphere molecular model”, the 


ratio [';/I°2 is 5/8, the value being markedly 


greater than the experimental, and is in- 
dependent upon molecular weight of the 
polymer. If the results of Stockmayer and 
Casassa”, the evaluation of the ratio in a 
more general and elegant manner, were ac- 
ceptable, the ratio should be greatest at 
high molecular weight and in good solvents. 
On the other hand, the experimental results 
of Bawn et al., which are probably the most 
reliable osmotic pressure data available for 


that the ratio I;/I2 


decreases markedly with increasing molecular 


this purpose, show 


TABLE I 


THE VIRIAL COEFFICIENTS OF 


POLYSTYRENE 


SOLUTION IN TOLUENE AND IN 


METHYL ETHYL KETONE” 


Toluene solution at 25°C. 
Ag X 10+ 
(graphic) 

#."% €e. 

158 2.89 

3.01 2.13 
3. 28 3.19 
3.03 


Az X 104 
(F.F.B. 
method) g. 

1.83 


Mn X 1074 


87 


32 3 

28. 3 

24, aan 3 

16. ‘ 3. 36 3. 86 
9. 40 3.89 4, 47 
7.20 1.35 1.58 

Methyl ethyl ketone at 25°C 

32 0.75 Lge 


16.2 0. 87 1. 30 


I’;/T'2=A;/A3M=0.257 A, 

(,.=A,M, f’;=A;sM) (4) 
where A can be calculated by a graphical 
method as a function of @ only. Close in- 
spection of this ratio [°,/I,? obtained from 
experiments, however, reveals that their 
treatment must be in direct contradiction to 
the experimental results especially on the 
dependency of the ratio upon molecular 
weight of the polymer. 


6) C.E.H.Bawn, R.F.J.Freeman and A.R.”“Kamaliddin, 
Trans. Faraday Soc., 46, 862 (1950). 

7) W.R. Krigbaum and P.J. Flory, paper read at the 
meeting of the Am. Chem. Soc., March 25, 1952. 

3) W.H. Stockmayer and E.F. Casassa, J. Chem. Phys., 
20, 1560 (1952). 


A; X10* 
(graphic) 
Pee. (graphic) 
. 86 0.0141 


1 
1 
1 
:. 
3.31 1.5 
1 
1 
1 


UJ 2/I 2exp. (F's Tato fae ay)» 


0.315 lg 
.0216 . 284 
. 0472 . 248 
.0516 «247 
. 0563 . 240 
. 0930 pi 
. 1090 . 188 
. 1307 . 165 


2 


- 43, 
-dlg 
.3le 
. 295 
257 
22) 


- 219 


a a ee ee ee ee 


5) . 105 1.11, 
. 489 . 100 1.099 


weight. This is illustrated in Table I, the 
ratio being compared with the values of the 


Eq. (4) ((F'3/T 2) stock.)- 


Furthermore, the ratio is greater in bad 
solvents than in good solvents, in contradic- 
tion of the results of the above authors, 
and its theoretical values are much too 
great especially in good solvents. 


ratio calculated by 


The Dependency of the Parameter a on 
Polymer Concentrations 

In the highly dilute region, where osmotic 

measurements are most important, the con- 

centration of the segments in solution is 

not uniform, but is much greater in f he 





December, 1955] 


neighbourhood of the centers of the polymer 
molecules. Attempts have been made to ac- 
count for this effect first by Flory and 
Krigbaum” and then others. This is closely 
related to the (excluded) volume’ effect, which 
means the influence of the formation of 
polymer-polymer contacts between distant 
segments of a chain molecule (long range 
interference)», Thus, the pair partition 
function for the Gaussian chains may be 
written as a function of a, so long as the 
polymer is homogeneous”. 

Complications arising from non-uniformity 
in the distribution of segments over the 
volume, however, must become trivial as 
the concentration is increased owing to the 
forced overlapping of polymer molecules. 
The above theories, therefore, may be applied 
only to solutions so dilute thot overlapping 
of the excluded volume is slight. Actually, 
if the concentration is great enough to be 
supposed to show intense overlapping of 
molecules, the earlier theories of polymer 
solutions'’' may be available, although 
many questions remain unsettled on these 
theories. At intermediate concentrations 
neither theory is appropriate. 

Here, let us consider the dependency of 
the parameter @ upon the concentration of 
the polymer and introduce its effect on the 
partition function of this system. We are 
going to turn our attention to one polymer 
molecule and consider the influence of its 
environment on it. The actual domain per- 
vaded by a polymer chain cannot be defined 
sharply. Here, the distribution of polymer 
segments in a polymer chain will be assumed 
to be Gaussian as usually and may be given 
by 

x 3=x(Bo’/7*)? exp (—Ao"S?)42SP4S; (5) 
in the absence of intramolecular interactions, 
where x; is the number of segments in the 
spherical shell of radius S; from the center 
of gravity and of thickness 4S;, x, the total 
number of segments in a polymer chain, and 

Bo’ =3/ \ 70" =3/ V 65S»? » (6) 
where 7%”? is the mean-square’ distance 
between the ends of the chain, sp?, that 
between the segments and the center of 
gravity, both in the absence of intramolecular 
interactions. It will be assumed that a given 
set of the segments given by Eq. (5) occupy 
the spherical shell between as; and a(s;+4s;) 
in the equilibrium configuration. 


9) B.H. Tompa, Trans. Faraday Soc., 48, 363 (1952). 

10) A. Minster, Mackromol. Chem., 2, 227 (1948). 

11) For instance, P.J. Flory, J. Chem. Phys., 9, 660 
(1941); 10, 51 (1942). 

12) M.L. Huggins, Ann. N.Y. 
(1943). 


Acad. Sci., 44, 431 


The Third Virial Coefficient in Polymer Solutions 


The total free energy of dilution is 
4F ai. = S)4F). (7) 
j 


In an entirely analogous manner to Flory’s 
treatment of intrinsic viscosities’, 
O4F ain. /Aa?) =(1/N)S pars — pro) {OM 5/Aa*)}, 
(8) 
where 4; and yo are the chemical potentials 
of solvent in the shell 7 and of pure solvent, 
respectively, and m,;, the number of solvent 
molecules in the shell 7 (N: Avogadro’s 
number). The terms in the right hand side 
of Eq. (8) may be written, to a satisfactory 
approximation, as follows: 


Mis — Pio= RT (Kk, — Pr )029’, (9) 
where «x, and g, are the parameters repre- 
sentative of heat and entropy terms re- 
spectively, and 

V23=XV (By /ar'’*)? exp (—By7S;) (10) 
(V is the volume of a segment). And 

On, ;/A(a?) = 47S 4S;N/V,, (11) 
where V, is the molar volume of the solvent. 
Substituting Eqs. (10) in (9), and (9) and (11) 
in (8), replacing the summation by an in- 


tegral and integrating over S; from 0 to ~, 
there is obtained 


04 Fai. /H(a®)=kTK*(«,—-P,)/a®, (12) 
K* ={27/273/2}(v?/NV)(M/72)*/2M'/2, (13) 

(v is the specific volume of the polymer). 
The configurational entropy 4S. of the 
chain may be evaluated according to the 


method employed in the theory of rubber 
elasticity as follows’: 


48a. /k=3 1n a—3(a?—1)/2. (14) 


Hence, if the total free energy in the 
“domain” pervaded by a polymer chain may 
be written 4F, the following relationship 
may be derived from Egs. (12) and (14): 


O4F/O(a*?)=04 Fair. /O(a*)—A(T 4S e1. )/A(a*) 
=kT([K*(«,—G,)/a?+(1/a)—(1/a?*)]. 
(15) 
Now, it may be assumed that each molecule 
is distributed within an effective volume of 
sphere of radius @V 7,2. Then, 
(4/3)202?(7%77)?/2 =xV+(m1Vi/N), (16 
where 2, is the number of the solvent mol- 
ecules in this sphere’. Therefore, from 
Eqs. (15) and (16) the partial molal free energy 
of the solvent in this effective volume may 
be given by 
/ 13) P.J. Flory and T.G. Fox Jr., J. Am. Chem. Soc., 


73, 1904; 1915 (1951). 
14) P.J. Flory, J. Chem. Phys., 17, 303 (1949). 
15) T. Kawai, This Bulletin, 24, 69 (1951). 
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4F , ={94F /Aa*)KAa*)/ony} 
=RTB|K*(«,—9Y,)/a°+(1/a)—(1/a")], 
(17) 
B=(V,/N)/(4/3)n(7))/? =Cax-/. (18) 
Next, that of the solvent in the environment 


region of this sphere (designated by prime) 
may be written as 


where 


AF = —RT[(1/x)v2+ 202? +3025 +--+ J, (19) 


where vz is the volume fraction of the polymer 
in the whole region of the system. 

Thus, the @ vs. vz relation will be intro- 
duced from the condition of the equilibrium 
between the inside and outside of the above 
effective volume; 

4F,=4F,’. 

In Eq. (19) the activity of the solvent in the 
environment region is replaced to the mean 
value in the whole region. This approxima- 
tion may be permitted as far as we deal with 
the equilibrium between one polymer chain 
and its environment in the vast region in- 
volving other molecules. Furthermore, the 
virial coefficients, ad, a; and others in Eq. 
(19), should be a function of aw. As is shown 
later, however, this complication can be 
avoided to a satisfacto1y approximation, since 
this “reflection of @” appears only in the 
higher terms in v,'™. 

At infinite dilution, we may write @=q@, 
and from Eq. (17), 


K*(«,—@,)/ao®+(1/ao)—(1/ay")=0. (20) 


Replacing a by @o+4a, and expanding the 
terms in the right hand side of Eq. (17) in 
the series of da, 


AF, =RTBi(54a/ay?)—(34a/ay') 
—{20( dar)?/ato*} +-{15( 4a)?/aty? } eee lL 


where the condition of Eq. (20) has been 
applied and then, K* in Eq. (17) has been 
able to be eliminated. Since 4a@ is supposed 
to be sufficiently smaller than @,'”, this series 
expansion would converge, and furthermore, 
it is possible to show that the terms beyond 
the first two in the right hand side of Eq. 
(21) may be neglected to a first approxima- 
tion, 


16) Strictly speaking, the @ vs. ve relation must be 
obtained from the condition that the value of a minimizes 
the total free energy in the system, which were given a 
function of @ and ve. 

17) The value of @ is seldom greater than 1.8 ap- 
parently including all practical cases for any polymer- 
solvent pair so far investigated. However, even at the 
critical missibility point, @-1. Thus, it is reasonable 
to suppose that @ would not be much smaller than a@»@. 

18) This series expansion reduces to 2Ja—5(4a)?-+--- 
when @~1, and is (!7/)6) da — (®°/g9) (4a)2-+--- when ay—2 
(4a may be supposed to be in the range, 0~0.2). 
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Combining Eq. (19) with (21) from the above 
equilihrium condition, 


B{(5/atp?) — (3/ ato") } 4a —[(1/x)v2+ 42027 + +-+-+* J. 


So long as the third coefficient is concerned, 
Eq. (22) may be written 


da: es (Q"/ 5Bx)v.f1 +(3 /Sat9?) +(3/5ato?)* 7p oenone ‘ 


The third Virial Coefficient 


The partition function, Z for a solution of 
the homogeneous polymer may be deduced 
by considering the volume available to each 
successive polymer molecule added to the 
solution ; 


In Z=N* In v—| od 

CS (24) 
where v is the total volume of the solution, 
N*, the total number of polymer molecules, 
and ye and yw; are the excluded volumes for 
the pair and triplet of the molecules, respec- 
tively. For a sufficiently dilute solution to 
justify neglect of the influence of the other 
molecules, Flory and Krigbaum® evaluated 
the excluded volume yz for the pair as 


fe =2Jm°F(X), (25) 

where 
J=(gi—«,)v?/Vi, (26) 
X=4CmM(Y,—k,)M'”/a}, (27) 
Cm =(27/25/22*/2N )\(b2/ V,) (M/7,2)32 =K*/2M'2, 
(28) 
F(X)=1—X/2 23/?+X2/3! 33/5 —..---- , (29) 


and m is the weight of a polymer molecule. 
Since Flory et al. had employed a@ as a par- 
ameter (although they assumed for a to be 
independent on the polymer concentration), 
and their calculation itself should be inde- 
pendent upon the effect of the concentration 
on a, it may be permitted approximately’ 
that the results of Eqs. (25)~(29) are available 
for the parameter @ dependent on the polymer 
concentration. 

We may now express Eq. (29) in the form 
of a Taylor series expansion around @, from 
Eq. (27) and the relation, [X]a-a,=2(a@0’—1)”; 


F(X) =[F(X) Ja=«,+1OF(%)/0@]a-0,4a+-+*-*- , 


(30) 
where 
SX) /- _f dF(X) aX | 
ian sa me 
= —6{ao—(1/ao) }F'"(ay) (31) 
, _[ dF(X). ] 
(F (cto) =| ‘3 


wa ESE "se 


“ © 


—_ re 


— 
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Employing Eqs. (23)~(31), and noting that 
v2=mvN*/v, Eq. (24) may be written 
In Z=N* In v—(N*/2) p20/u—(N*/6) 30/v? 
—[ J(1/Bx)m*0N**/v?|f (ao), (32) 
where 
Ff (Qo) =10F (x)/0a |e -a(&9°/5) 
[1+(3/5a%o?) +(3/5a79?)? +--+ 4 (3) 
and peo and pzyo are the excluded volumes 
for the constant value of @ as are employed 
ordinarily (i.e. in the case of @=ap)». Since 
II =kT91n Z/odv, the expression of the osmotic 
pressure is easily obtained from Eq. (32), and 
comparison of the resultant formula with 
Eq. (1) yields the third coefficient as follows: 


A; =(8/V,)[0.257A xp, — «,)°{ F(a) 2 


+2(p,—«,)(1/Bx)f (ao)|, (34) 
and 
I’;/T3=0.257A+2f(ao)/Bign—«,)x*{ F(a) P, 
(35) 


where the expression of Flory et al. (Eq. (39) 
in their paper®’) for the second coefficient 
and that of Stockmayer et al. for the third, 
are assumed to correspond to the above ex- 
cluded volumes, poo and pz respectively 
(F(a@o)=|F (*)la=a,)- 


The above treatment is not a straightfoward. 


evaluation of the virial coefficients, and it 
seems rather strange that the secont coef- 
ficients, is not influenced through the change 
of the @ value with the concentration. As 
mentioned in reference (19), the molecules 
should flatten in the direction of their centers 
and expand in the perpendicular direction. 
According to Krigbaum’s calculation’, how- 
ever, the change in the second coefficient 
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was found to be very small even if such an 
effect was considered. 


Comparison with Experiments 


Until the above theoretical treatment is 
applied to the experimental results, it would 
be well to bear in mind that the values of 
the third virial coefficient must be calculated 
from osmotic data with close attention. Fox, 
Flory and Bueche™ proposed an approximate 
method for extrapolation of the experiments. 
Since they adopted Eq. (3) giving greater 
values for the third coefficient, the resultant 
values of (J7/c)y (IT/c at infinite dilution) and 
A, are probably somewhat incorrect. More- 
over, the values of the third coefficient thus 
obtained might fall into an error of great 
consequence, owing to the fact that the third 
term A; C? in Eg. (I) ordinarily contributes 
little to the value of IJ/c. Thus, it seems 
to be reasonable to adopt the empirical method 
of Bawn® for the calculation of A; rather 
than the above method of Flory et al. (de- 
signated F. F. B. method in Table I). In Bawn’s 
method, however, appreciable variations of 
the A» and A; values were observed with the 
concentration range to which the method was 
applied ; In the polystyrene-toluene system”, 
the values of RTA, and RTA; were 7.0x 
10’ (cm*/g.) and 4.3 x 10° (cm’/g.”), respectively, 
for the concentration range up to 1.0 g./100cc., 
whereas the values were RTA.=10X10', 
RTA,;=1.6X10° for the concentrations from 
1.0 to 2.5 g./100 cc.. 

Here, from the osmotic data of Flory?” on 
a number of polyisobutylene in cyclohexane, 
the method of least squares was used for 
4~5 concentrations in the most dilute region 


TABLE II 
THE VIRIAL COEFFICIENTS OF POLYISOBUTYRENE SOLUTIONS IN CYCLOHEXANE?” 


Polymer 


fraction My X 10-4 (IT /c)?* rs 
B(0—3) 77 0. 33 4. 20 
C (4—9) 25.6 0.99 1.51 
B(9—13) 7.82 3.24 0.547 
2.92 8. 67 (0. 213) 


A(14—25) 
* IT: g./cem?, 


o>) 


g./100 ce. 


19) Strictly speaking, a mean potential of average 
force between the pair of molecules is affected otherwise 
than in the above treatment. For instance, the spheri- 
cally symmetrical character of the molecules may be no 
longer preserved owing to the presence of the other 
molecules. Krigbaum investigated this theoretically using 
the cloud model, although the work has not been pub- 
lished (Reprint from Proceedings of the International 
Conference of Theoretical Physics, Kyoto, Sept. 1953). 
In my opinion, however, it may be prohibitively difficult 
to evaluate straightfowardly the partition function in 
consideration of these effects. 

20) T.G. Fox, Jr., P.J. Flory and A.M. Bueche, /. 
Am. Chem. Soc. ,73, 285 (1951). 


[2+ (1'3/T'3)exp. (I'3/T'3) stock. ay? 
2. 17 0.12 0.31 1.51 
0.58 0. 25 0. 27 1.39 
0.11, 0. 37 0.14 1.18 

(0. 312) (6. 92) 0.11 1.12 


with the requirement that Eq. (I) holds its 
validity in the closed form terminated after 
the term in C?. The values of I, and I; 
thus obtained are given in Table II, where 
the values for the fractions B(0-3) and C(4-9) 
are those calculated by Stockmayer and 
Casassa by the same method”. It is obvious 


that the ratio I’;/I"2 decreases considerably 


21) P.J. Flory, J. Am. Chem. Soc., 65, 372 (1943). 
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with the increasing molecular weight, just as 
in the case of polystyrene in toluene cited 
in Table I. This tendency, however, cannot 
be explained quantitatively by the above 
treatment. 

Considering the dependency of the ratio 


I’;/T2 upon the molecular weight, Eq. (35) 
may be written as: 

1;/03=0.257A+{12/[5Ca(@; — x) x"7{ F(a@o) ¥)} 
xX {— Fao) H (to? — ty) +(3/5) (to — 1/0) + } 


(see Eqs. (18), (31), and (33)), which, employ- 
ing the relation a@)°—a@)'=2CmM(g,—K,)M'”? ™, 
may be converted to 


P,/2=0.257 A+C*{ — F(a) {(1/a?) 
+(3 ‘5)(1 ‘y') + onetee } {F (ao) ¥ 
[C* =(24/5)(Cm/Cs)(M/x)'”]. (37) 


Experimentally, the dependency of F(a@») and 
@o on the molecular weight can be determined 
from Eq. (2) and from the intrinsic viscosity~ 
molecular weight relationship, respectively 
(a is given by the relation a@*=[7]/KM'? ™), 
The value of {—F’(a@)} does not vary sensi- 
tively with the molecular weight of the 
polymer, although it decreases to some degree 
with the increasing mulecular weight”. 
Employing the relationships A, M~--'8 21,23) 
and [7]=K,,M°-** 2% for the polyisobutyrene- 
cyclohexane system, there, is obtained 


P,/T}=0.257 A+[C,**M""+C,** +C,**M~- 
+C,°**M-*2+.-.-.--]{ —F’ @o)}, 38) 
where . 
C.** 1° * =C,** 22** =C,** c,** 


=(3/5)(1/as*)=(3/5\ K/Ke”. 
Since K=1.08x10-= (at 24CF” and K,.=3.60 
<10- 7" in this case, it may be no wonder 


that the ratio ,/T2 might decrease with 


the increasing molecular weight, even though 
not remarkably, if the term 0.257A in Eq. 
38) is sufficienly small. However, such 
marked decrement with the molecular weight 
as is shown in Table I and II, cannot be in- 
terpreted by the above estimation of the 
ratio. 

This discrepancy may be partly due to the 
uncertainty in the determination of the A; 
and A; values from experiments. As men- 


tioned already, the smaller [°;/I'} value was 





22) This function { — F"(ae) } is expressed approximate- 


ly by {—F’(ao)} 0.195—0.146 logiof [x a—ao}> where 


2KCy(gi—e,)M 8 lg 
2{a%— 1)» (12) =X,” )» 
m 

23) This relation has been obtained from the Ag 
values in Table II. 


[x] a—ao" 
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obtained when the higher concentration range 
was utilized in an empirical evaluation of the 
A, and A; values by the Bawn’s method”. 
Also in the case where the method of least 
squares is used, considerable errors may be 
possible owing to the similer effect. Actually, 
a plot of the quantity, [(JZ/c)/(IT/c))—1]/c 
against c shows the considerable scatter of 
the experimental data especially for the frac- 
(A 14—25) (although this graph is not given 
here). Thus, the determination of the ratio 


I’;/[2 allows some scope for judgement as 
to what the true value is; the I’;/I"2 values 


quoted in Tables I and II should therefore 
not be taken too literally, and the values of 
the ratio and also its dependency upon the 
molecular weight thus obtained may be sup- 
posed to be too great due to the effect men- 
tioned above. 

The inconsistency of Eq. (4) may, however, 
be evident since the ratio must increase con- 
siderably with the increasing molecular 
weight if Eq. (4) were approvable. If the 
result of Eq. (35) holds its validity, the ratio 


I’,/[2 should be greater than 0.257A, that 
expected from the theory of Stockmayer et 
al. (designated by (I°;/I2)stock. in Tables I 
and II) The fact that (I3/T3)stock.< 
(T;/T2)exp., especially in the case of higher 


molecular weights, would mean the overesti- 
mation of this ratio by them. It has been 
pointed out by various authors***-, that, 
strictly speaking, current theories fail to ac- 
count for abnormally low values of the entropy 
of dilution in actual polymer solutions. Pos- 
sible reasons for this failure may exist in 
neglecting the orientation effect i.e. the ef- 
fect of anisotropy in the force fields arround 
the molecules, and in not taking into account 
the influence of the geometrical character of 
the solvent in relation to that of the polymer 
segment; at any rate, the entropy of dilu- 


tion, accordingly the ratio I’,/I= should be- 


come smaller, due to the above effects 


Thus, an apparent agreement of (I";/T2)<tocx. 


with the experimental values for a particular 
molecular weight, does not always mean the 
consistency of the theory of Stockmayer et 


24) T.G. Fox, Jr. and P.jJ. Flory. J. Am. Chem. Soc., 
73, 1909 (1951). 
25) H. Tompa, Discussion in reference 3); J. Chem. 


Phys., 21, 250 (1953). 

26) M.Jj. Schick, P. Doty and B.H. Zimm, J. Am. 
Chem. Soc., 72, 530 (1950). 

27 The expression of the second coefficient is not 
changed because the above complicated effects upon it 
are involved in the parameter g, in the treatment of 
reference 5). 


vw 


vw mm 
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al. with experiments”. 

Furthermore, the ratio is greater in methyl 
ethyl ketone (a bad solvent) than in toluene 
(a good solvent) for polystyrene as is shown 
in Table I. This is consistent with what is 
predicted from our theory (see Eq. (37), where 
@ is larger in a good solvent than in a bad 
solvent”®), in direct contradiction of Stock- 
mayer and Casassa’s theory. It would be 
instructive to point out that the theories 
based on lattice models''>'?,2 imply the similar 


tendency on this ratio; the [;/f2 value is 


predicted to be greatest in poor solvents or 
at low molecular weights, although these 
theories involve some unsatisfactory approxi- 
mations”), Our treatmet may be considered 
to be an intermediate one between the treat- 
ments developed in consideration of the volume 
effect*» and the earlier theories in which the 
effect was not taken in to account")!22%, So 
far as the third coefficient is concerned, the 
volume effect theory would have to be modified 
appreciably as is mentioned above. 

In order to obtain confirmatory evidence 
on the quantitative interpretation for the 
third coefficient, there exist many difficulties 
to be resolved both experimentally and theo- 
retically, and it seems, first of all, to be pre- 
ferable ts obtain additional data available for. 
this purpose. 

Finally, it may be remarked that a pos- 
sibility may be predicted from our theory as 


28) Although F(a) in Eq. (37) is smaller for the 
larger value of @», its change with a» is very small 
({F (ao) = 1~0.8 in the usual range of @oj. and moreover, 
{—F’(<o) } is smaller for the larger 4o. 

29) A.R. Miller. “‘ Theory of Solutions of High Poly- 
mers”, Oxford University Press, London (1948). 
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to the existence of an inflexion point in the 
IT vs. C curve. If the treatment of Stock- 
mayer et al. were assumed to afford a legiti- 
mate representation of the third coefficient 
except the correction term arising from yp: 
in Eq. (24), by empolying the parameter « 
dependent on the polymer concentration, in- 
stead of @p, it does not seem to be unlikely 
that the effect of this concentration depend- 
ency of @ would make the fourth coefficient 


negative, since the ratio (I3/I)stock. decre- 


ased with decreasing @. Actually, experi- 
ments*55 over a wide concentration range 
indicate a negative deviation at high con- 
centrations from the curve fitting the data 
well at lower values by employing Eg. (I) 
with the omission of the terms beyond the 
third. Also theoretically the existence of this 
inflexion point was pointed out by Rushbrooke 
et al. from another point of view. 


This paper was read at the Annual Meet- 
ing of Soc. of High Polymer, Japan, at Tokyo 
Institute of Technology, Tokyo, on June, 4th 
1955. 
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Introduction 


T. Soda and his co-workers have found 
that several marine molluscs are the best 
materials for the preparation of sulfatases. 





* Most part of this communication was already pre- 
sented before the 27th Congress of the Biochemical 
Society of Japan (Kyoto, April 5, 1955) by S. Suzuki 
and before the 8th General Assembly of Physiolosists, 
Biochemists and Pharmacologists in USSR (Kiev, May 
24, 1955) by F. Egami. 


For example, the visceral hump of Charonia 
must contain natural substrates for sulfatases. 
In fact, a polysaccharide sulfuric ester was 
lampas (Tritonium nodiferm) contains very 
active phenosulfatase, glucosulfatase and 
chondrosulfatase. So they considered that it 
obtained from the mucus of Charonia lampas 
by T. Soda and F. Egami” in 1938 and named 


1) T. Soda and F. Egami, Bull. Chem. Soc. Japan, 13, 
652 (1938); J. Chem. Soc. Japan, 59, 1417 (1938). 
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TABLE I 
METHODS OF PREPARATION 
Method 1. 


Dried Mucus 


extracted with sat. NaCl 
solution, 80°C, 3 hr. 
| } 
Residue Extract 


conc. KOH 
Precipitate 


dissolved in water and 
reprecipitated by KOH 


| 
| 


' 
Precipitate Supernatant 


washed with ethanol and ethanol 
ether, and dried in vacuo. 
Precipitate 


dissolved in water and repre- 
cipitated by trypaflavine 


| 


Precipitate Supernatant 
| 


extracted with 20% CaClo decolorized with charcoal and 
precipitated by ethanol 
Extract 
Precipitate 
decolorized with charcoal | 


and precipitated by ethanol | washed and dried 
| 


Precipitate F, 


washed and dried - 


Method 2. 


Dried Mucus 
extracted with 1.7% HCl, 40°C, 30 min. 


Residue Extract 


adjusted to pH 7 with KOH 


Precipitate Supernatant 


dissolved in water and ethanol 
reprecipitated by KOH 
Precipitate 
Precipitate 
dissolved in dil. HCl and 
dissolved in dil. HCl and reprecipitated by ethanol 
precipitated by ethanol 
Precipitate 

Precipitate 
| washed with ethanol and 
washed and dried | ether, and dried in vacuo 


! 


F 3 F 1 
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AF, ={94F /XAa*)}{O(a?)/on,} 
=RTBK*(«; a St tat 


where B=(V,/N)/(4/3)n(7))*/? = Cpa”, (18) 


Next, that of the solvent in the environment 
region of this sphere (designated by prime) 
may be written as 


AF! = —RT[(1/x)ve+Gqv2? +a3023 +--+ }, (19) 


where v, is the volume fraction of the polymer 
in the whole region of the system. 

Thus, the @ vs. vz relation will be intro- 
duced from the condition of the equilibrium 
between the inside and outside of the above 
effective volume; 

4F, = 4FY’. 

In Eq. (19) the activity of the solvent in the 
environment region is replaced to the mean 
value in the whole region. This approxima- 
tion may be permitted as far as we deal with 
the equilibrium between one polymer chain 
and its environment in the vast region in- 
volving other molecules. Furthermore, the 
virial coefficients, a2, a@; and others in Eq. 
(19), should be a function of a. As is shown 
later, however, this complication can be 
avoided to a satisfactory approximation, since 
this “reflection of a” appears only in the 
higher terms in v,'®. 

At infinite dilution, we may write a@=dp, 
and from Eq. (17), 


K*(«,—Q,)/ao° +(1/a)--(1/atq?) =0. (20) 


Replacing a@ by a@+4a, and expanding the 
terms in the right hand side of Eq. (17) in 
the series of 4a, 


AF, =RTBi(54a¢/at6?) —(3.40¢/ ao") 
—{20( 4ax)?/atg?} 4+-{15( da)?/aio® }} +--+], 


where the condition of Eq. (20) has been 
applied and then, K* in Eq. (17) has been 
able to be eliminated. Since 4a is supposed 
to be sufficiently smaller than a@'”, this series 
expansion would converge, and furthermore, 
it is possible to show that the terms beyond 
the first two in the right hand side of Eq. 
{21) may be neglected to a first approxima- 
tion™, 








16) Strictly speaking, the @ vs. vg relation must be 
obtained from the condition that the value of a minimizes 
the total free energy in the system, which were given a 
function of @ and pe. 

17) The value of @ ts seldom greater than 1.8 ap- 
parently including all practical cases for any polymer- 
solvent pair so far investigated. However, even at the 
critical missibility point, @a=1. Thus, it is reasonable 
to suppose that @ would not be much smaller than ao. 

18) This series expansion reduces to 24a—5(4a)2+--- 
when @=1, and is (17/,6) 4a— (¢5/g9) (4a)2+-++ when ag=2 
(4@ may be supposed to be in the range, 0~0.2). 








a 
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Combining Eq. (19) with (21) from the above 
equilibrium condition, 


BA (S/eed)— (8/exe')) dete TOY et ao? + |. 


So long as the third coefficient is concerned, 
Eq. (22) may be written 


fas — (a? /5Bx)v.[1+(3/5ate?) +-(3/5a07)? + apne i. 


The third Virial Coefficient 


The partition function, Z for a solution of 
the homogeneous polymer may be deduced 
by considering the volume available to each 
successive polymer molecule added to the 
solution ; 


_ 
in Z=N* In v-(% )tta/v—(N* /6)pts/v2 +o 

(24) 
where v is the total volume of the solution, 
N*, the total number of polymer molecules, 
and yw, and ps are the excluded volumes for 
the pair and triplet of the molecules, respec- 
tively. For a sufficiently dilute solution to 
justify neglect of the influence of the other 
molecules, Flory and Krigbaum® evaluated 
the excluded volume yz, for the pair as 


H2=2Jm?F(X), (25) 

where 
J=(Qi-—*,)0?/Vi, (26) 
X=4Cau(P:—«,)M'?/aes, (27) 


Cou (21/2802 2NYB/ Vi) (MU 9 = K*/2M 


F(X)=1—X/2 2824X2/313¥3—---, (29) 


and m is the weight of a polymer molecule. 
Since Flory et al. had employed @ as a par- 
ameter (although they assumed for @ to be 
independent on the polymer concentration), 
and their calculation itself should be inde- 
pendent upon the effect of the concentration 
on a, it may be permitted approximately™ 
that the results of Eqs. (25)~(29) are available 
for the parameter @ dependent on the polymer 
concentration. 

We may now express Eq. (29) in the form 
of a Taylor series expansion around a, from 
Eq. (27) and the relation, [X]a-«,=2(a@?—1)”; 


F(X)=[F(X)a=a,HlOF(X)/Oct]anadac+----, 


where 


[oF (X)/2etlaney=| E00 a ios 


= —6{ao—(1/ato) }F'’(ao) (31) 


(Ftao=[-“ae]_.) 
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The Third Virial 


1955] 


Employing Eqs. (23)~(31), and noting that 
v2=mvN*/v, Eq. (24) may be written 


In Z=N* In v—(N*/2) p20/u—(N*/6) 430/v” 


—[ J1/Bx)m*0N**/v?) f (ao), (32) 
where 
F (ao) = TOF (x)/ee ler=e19( 07/5) 
[1+-(3/5Sato*) +(3/Saxg?)? +--+ ], (33) 


and pao and po are the excluded volumes 
for the constant value of @ as are employed 
ordinarily (i.e. in the case of a=a»). Since 
IT =kT2 \n Z/dv, the expression of the osmotic 
pressure is easily obtained from Eq. (32), and 
comparison of the resultant formula with 
Eq. (1) yields the third coefficient as follows: 


As; =(8"/ V, [0.257 Ax(P, — «,)*{ F(a) ¥ 


+2(p,—«,)(1/Bx)f(ao)|, (34) 


and 


I’;/T'}=0.257A+2f(ao)/ Big. — «)x*{ F(a), 

(35) 
where the expression of Flory et al. (Eq. (39) 
in their paper®’) for the second coefficient 
and that of Stockmayer et al. for the third, 
are assumed to correspond to the above ex- 
cluded volumes, jz and po respectively 
(F(Qo)=[F (x) la=ay)- 

The above treatment is not a straightfoward 
evaluation of the virial coefficients, and it 
seems rather strange that the secont coef- 
ficients, is not influenced through the change 
of the a@ value with the concentration. As 
mentioned in reference (19), the molecules 
should flatten in the direction of their centers 
and expand in the perpendicular direction. 
According to Krigbaum’s calculation™, how- 
ever, the change in the second coefficient 





oefmnicien y 


was found to be very small even if such an 
effect was considered. 


Comparison with Experiments 


Until the above theoretical treatment is 
applied to the experimental results, it would 
be well to bear in mind that the values of 
the third virial coefficient must be calculated 
from osmotic data with close attention. Fox 
Flory and Bueche™ proposed an approximate 
method for extrapolation of the experiments. 
Since they adopted Eq. (3) giving greater 
values for the third coefficient, the resultant 
values of (J7/c)» (I7/c at infinite dilution) and 
A, are probably somewhat incorrect. More- 
over, the values of the third coefficient thus 
obtained might fall into an error of great 
consequence, owing to the fact that the third 
term A; C? in Eq. (I) ordinarily contributes 
little to the value of I7/c. Thus, it seems 
to be reasonable to adopt the empirical method 
of Bawn® for the calculation of A; rather 
than the above method of Flory et al. (de- 
signated F. F. B. method in Table I). In Bawn’s 
method, however, appreciable variations of 
the A, and A; values were observed with the 
concentration range to which the method was 
applied ; In the polystyrene-toluene system”, 
the values of RTA, and RTA; were 7.0x 
10’ (cm‘*/g.) and 4.3 x 10° (cm’/g.”), respectively, 
for the concentration range up to 1.0 g./100 cc.,. 
whereas the values were RTA,=10X10’, 
RTA;=1.6x10° for the concentrations from 
1.0 to 2.5 g./100 cc.. 

Here, from the osmotic data of Flory?” on 
a number of polyisobutylene in cyclohexane, 
the method of least squares was used for 
4~5 concentrations in the most dilute region 


TABLE II 
THE VIRIAL COEFFICIENTS OF POLYISOBUTYRENE SOLUTIONS IN CYCLOHEXANE?” 
Polymer = Maxl0-* — (IT {c)* r T%® = (Fs/TBexp. (F's/T2stock. «0 
B(0—3) 77 0.33 4. 20 2.17 0.12 0.31 1.51 
C(4—9) 25.6 0.99 1.51 0.58 0.25 0.27 1.39 
B(9—13) 7.82 3.24 0.54, 0.11; 0.37 0.14 1.18 
A(14—25) 2,92 8.67 (0.213) (0.31) (6. 92) 0.11 1.12 
* IT: g./em?, C: g./100cc. 





19) Strictly speaking, a mean potential of average 
force between the pair of molecules is affected otherwise 
than in the above treatment. For instance, the spheri- 
cally symmetrical character of the molecules may be no 
longer preserved owing to the presence of the other 
molecules. Krigbaum investigated this theoretically using 
the cloud model, although the work has not been pub- 
lished (Reprint from Proceedings of the International 
Conference of Theoretical Physics, Kyoto, Sept. 1953). 
In my opinion, however, it may be prohibitively difficult 
to evaluate straightfowardly the partition function in 
consideration of these effects. 

20) T.G. Fox, Jr., P.J. Flory and A.M. Bueche, J. 
Am. Chem. Soc. 


73, 285 (1951). 


with the requirement that Eq. (I) holds its. 
validity in the closed form terminated after 
the term in C*. The values of I, and I; 
thus obtained are given in Table II, where- 
the values for the fractions B(0-3) and C(4-9): 
are those calculated by Stockmayer and 
Casassa by the same method. It is obvious. 


that the ratio I';/I'3 decreases considerably 


21) P.jJ. Flory, J. Am. Chem. Soc., 65, 372 (1943). 
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with the increasing molecular weight, just as 
in the case of polystyrene in toluene cited 


in Table I. This tendency, however, cannot 
be explained quantitatively by the above 
treatment. 


Considering the dependency of the ratio 
I;/T3 upon the molecular weight, Eq. (35) 
may be written as: 
I’;/T}=0.257A+{12/[5Ca(P, — «,)x"*{ F(a) P)} 
x {- F"(ao) H (ao? — io) +(3/5)(@o— 1/aQo)+-- pes 


(see Eqs. (18), (31), and (33)), which, employ- 
ing the relation a@°—ay?=2Cmu(g,—«,)M'? ™, 
may be converted to 


I’;/T2=0.257 A+C*{ — F"(ato)H(1/ato?) 


+(3/5)(1/ato*) + ------}/{F (ao) ¥ 
[C* =(24/5)(Cm/Cxs)(M/x)'”]. (37) 


Experimentally, the dependency of F(a») and 
@» on the molecular weight can be determined 
from Eq. (2) and from the intrinsic viscosity~ 
molecular weight relationship, respectively 
(@» is given by the relation a,*=[7]/KM'? >), 
The value of {—F’(a@»)} does not vary sensi- 
tively with the molecular weight of the 
polymer, although it decreases to some degree 
with the increasing molecular weight”. 
Employing the relationships A, M-°.10 21,23) 
and [7]=K,,M°-54 2 for the polyisobutyrene- 
eyclohexane system, there, is obtained 


P';/12=0.257 A+[C,**M?-'+C,** +C,**M-! 
+C,°*M24 ++ —F(ato)}s (38) 
where 


C2**/C,** =C3**/C,** =C,**/C;** 
=(3/5)(1/at?) =(3/5)(K/Km)?’*. 


Since K=1.08x10-* (at 24°C)?” and K»=3.60 
x10-* 2 in this case, it may be no wonder 


that the ratio [3/2 might decrease with 


the increasing molecular weight, even though 
not remarkably, if the term 0.257A in Eq. 
(38) is sufficienly small. However, such 
marked decrement with the molecular weight 
as is shown in Table I and II, cannot be in- 
.terpreted by the above estimation of the 
ratio. 

This discrepancy may be partly due to the 
uncertainty in the determination of the A, 
and A; values from experiments. As men- 


tioned already, the smaller [';/f"3 value was 


22) This function {-F(ao)} is expressed approximate- 
ly by { —¥F (ao) } =0.195—0.146 logiof{ (*] w—ao}s where 


2KCyy(g:—«;) MB 


L#] anao~2(#%0—1)=——" (9) =K gt?) 
m . 


23) This relation has been obtained from the Ag 
values in Table I. 
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obtained when the higher concentration range 
was utilized in an empirical evaluation of the 
A, and A; values by the Bawn’s method®. 
Also in the case where the method of least 
squares is used, considerable errors may be 
possible owing to the similer effect. Actually, 
a plot of the quantity, [(1Z/c)/(I/c)o—1])/c 
against c shows the considerable scatter of 
the experimental data especially for the frac- 
(A 14—25) (although this graph is not given 
here). Thus, the determination of the ratio 


I;/T2 allows some scope for judgement as 
to what the true value is; the [°;/I°3 values 


quoted in Tables I and II should therefore 
not be taken too literally, and the values of 
the ratio and also its dependency upon the 
molecular weight thus obtained may be sup- 
posed to be too great due to the effect men- 
tioned above. 

The inconsistency of Eq. (4) may, however, 
be evident since the ratio must increase con- 
siderably with the increasing molecular 
weight if Eq. (4) were approvable. If the 
result of Eq. (35) holds its validity, the ratio 


I’;/T2 should be greater than 0.257A, that 
expected from the theory of Stockmayer et 
al. (designated by (I°3/I°2)stock. in Tables I 
and II). The fact that (I3/I3)stock.< 
(';/T2) exp., especially in the case of higher 


molecular weights, would mean the overesti- 
mation of this ratio by them. It has been 
pointed out by. various authors**5,®, that, 
strictly speaking, current theories fail to ac- 
count for abnormally low values of the entropy 
of dilution in actual polymer solutions. Pos- 
sible reasons for this failure may exist in 
neglecting the orientation effect i.e. the ef- 
fect of anisotropy in the force fields arround 
the molecules, and in not taking into account 
the influence of the geometrical character of 
the solvent in relation to that of the polymer 
segment; at any rate, the entropy of dilu- 


tion, accordingly the ratio [’;/I'2 should be- 
come smaller, due to the above effects?”. 
Thus, an apparent agreement of (I°3/I°2)stocx. 


with the experimental values for a particular 
molecular weight, does not always mean the 
consistency of the theory of Stockmayer et 


24) T.G. Fox, Jr. and P.J. Flory, J. Am. Chem. Soc., 
73, 1909 (1951). 

25) H. Tompa, Discussion in reference 3); J. Chem. 
Phys., 21, 250 (1953). 

26) M.J. Schick, P. Doty and B.H. Zimm, J. Am. 
Chem. Soc., 72, 530 (1950). 

27) The expression of the second coefficient is not 
changed because the above complicated effects upon it 
are involved in the parameter g, in the treatment of 
reference 5). 
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al. with experiments”. 

Furthermore, the ratio is greater in methyl 
ethyl ketone (a bad solvent) than in toluene 
{a good solvent) for polystyrene as is shown 
in Table I. This is consistent with what is 
predicted from our theory (see Eq. (37), where 
@, is larger in a good solvent than in a bad 
solvent?®), in direct contradiction of Stock- 
mayer and Casassa’s theory. It would be 
instructive to point out that the theories 
based on lattice models''»'?,2 imply the similar 


tendency on this ratio; the [;/I2 value is 


predicted to be greatest in poor solvents or 
at low molecular weights, although these 
theories involve some unsatisfactory approxi- 
mations**», Our treatmet may be considered 
to be an intermediate one between the treat- 
ments developed in consideration of the volume 
effect*» and the earlier theories in which the 
effect was not taken in to account!»!2:29, So 
far as the third coefficient is concerned, the 
volume effect theory would have to be modified 
appreciably as is mentioned above. 

In order to obtain confirmatory evidence 
on the quantitative interpretation for the 
third coefficient, there exist many difficulties 
to be resolved both experimentally and theo- 
retically, and it seems, first of all, to be pre- 
ferable to obtain additional data available for 
this purpose. 

Finally, it may be remarked that a pos- 
sibility may be predicted from our theory as 








28) Although F(a) in Eq. (37) is smaller for the 
larger value of @, its change with @ is very small 
(F (ao) =1~0.8 in the usual range of @oj), and moreover, 
{—F'(a0) } is smaller for the larger @o. 

29) A.R. Miller, ‘‘ Theory of Solutions of High Poly- 
mers”, Oxford University Press, London (1948). 
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to the existence of an inflexion point in the 
IT vs. C curve. If the treatment of Stock- 
mayer et al. were assumed to afford a legiti- 
mate representation of the third coefficient 
except the correction term arising from pe 
in Eq. (24), by empolying the parameter a@ 
dependent on the polymer concentration, in- 
stead of ap, it does not seem to be unlikely 
that the effect of this concentration depend- 
ency of a would make the fourth coefficient 


negative, since the ratio (I'3/I})stock. decre- 


ased with decreasing a@. Actually, experi- 
ments*-*5,3 over a wide concentration range 
indicate a negative deviation at high con- 
centrations from the curve fitting the tata 
well at lower values by employing Eq. (I) 
with the omission ef the terins beyond the 
third. Also theoreticallfthe existence of this 
inflexion point was pointéd.gut by Rushbrooke 
et al3 from another p@int of view. 


This paper was read at the Annual Meet- 
ing of Soc. of High Polymer, Japan, at Tokyo 
Institute of Technology, Tokyo, on June, 4th 
1955. 


The author expresses his appreciation to 
Professor H, Maeda and K. Makishima for 
their encouragement and support of this 
work. 


Laboratory of Textile Chemistry, Tokyo 
Institute of Technology, Tokyo 


30) G.V. Browing and J.D. Ferry, J. Chem. Phys., 
17, 1107 (1949). 

31) G.S. Rushbrooke, H.I. Scoins and A.J. Wakefield, 
Trans. Faraday Soc., Discussion, 15, 57 (1953). 


Chemical Studies on Charoninsulfuric Acid* 


By Fujio Ecami, Tadashi Asaut, Noriko TAKAHASHI, Sakaru SUZUKI, 
Shogo SHIKATA and Kazutosi NISIZAWA 


(Received July 13, 1955) 


Introduction 


T. Soda and his co-workers have found 
that several marine molluscs are the best 
‘materials for the preparation of sulfatases. 


* Most part of this communication was already pre- 
sented before the 27th Congress of the Biochemical 
Society of Japan (Kyoto, April 5, 1955) by S. Suzuki 
and before the 8th General Assembly of Physiolosists, 
Biochemists and Pharmacologists in USSR (Kiev, May 
24, 1955) by F. Egami. 


For example, the visceral hump of Charonia 
must contain natural substrates for sulfatases. 
In fact, a polysaccharide sulfuric ester was 
lampas (Tritonium nodiferm) contains very 
active phenosulfatase, glucosulfatase and 
chondrosulfatase. So they considered that it 
obtained from the mucus of Charonia lampas 
by T. Seda and F. Egami’ in 1938 and named 


1) T. Soda and F. Egami, Bull. Chem. Soc. Japan, 13, 
652 (1938); J. Chem. Soc. Japan, 59, 1417 (1938). 
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TABLE I 


METHODS OF PREPARATION 


Dried 
| 


Mucus 


extracted with sat. NaCl 
| solution, 80°C, 3 hr. 


Residue 


Precipitate 
| 
washed with ethanol and 
ether,.and dried in vacuo. 


F; 


Precipitate 
extracted with 20% CaCl. 
tract 


decolorized with charcoal 
and precipitated by ethanol 


Precipitate 


washed and dried 





Dried 


Extract 
conc. KOH 
Precipitate 


dissolved in water and 
reprecipitated by KOH 


Supernatant 
| ethanol 
Precipitate 


dissolved in water and repre- 
cipitated by trypaflavine 


Supernatant 


decolorized with charcoal and 
precipitated by ethanol 


Precipitate 
washed and dried 


F, 


Mucus 


extracted with 1.7% HCl, 40°C, 30 min. 





Residue 


Extract 


adjusted to pH 7 with KOH 





Precipitate 


| 


dissolved in water and 
reprecipitated by KOH 


Precipitate 


dissolved in dil. HCl and 
precipitated by ethanol 


Precipitate 
washed and dried 


F; 


Supernatant 
ethanol 
Precipitate 


dissolved in dil. HCl and 
reprecipitated by ethanol 


Precipitate 


washed with ethanol and 
ether, and dried in vacuo 


F, 
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charoninsulfuric acid. The chief characters 
of the preparation obtained by them were as 
follows: 


Sodium charoninsulfate is free from N, and contains 
15% of ethereal sulfate S and 36% of ash. 

Lison’s metachromatic reaction is intensely positive. 

By sulfatase preparation of Charonia lampas, it liberates 
sulfuric acid and gives reducing sugars, one of which is 
regarded as D-glucose from the specific optical rotation 
and its fermentability by baker’s yeast. 

It has a strong inhibitory action on blood coagulation. 


From these results, they considered 
charoninsulfuric acid to be a desamino- 
mucoitin polysulfuric acid. 

In 1948, the further investigation on the 
chemical nature of charoninsulfuric acid was 
undertaken by T. Soda and H.”*Terayama”. 
The most important contribution by them 
was the discovery that the purified prepara- 
tion did not contain uronic acid and the 
polysaccharide fraction gave only p-glucose 
after acid hydrolysis. Moreover they de- 


sulfated charoninsulfuric acid by heating it 
in methanolic hydrogen chloride and obtained 
a white powder, which gave an X-ray dif- 
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ferent solubilities, and hence this had to be taken 
into consideration when preparing samples.. Our 
methods of preparation were as follows: 


1) Salting out by KCl: Charoninsulfuric acid with high 
sulfur content can be salted out by KCl as the potassium 
salt. 

2) Precipitation by Trypaflavine: Charoninsulfuric acids, 
except those of very low sulfur content (ca 2%), are 
precipitated with trypaflavine, and then from this pre- 
cipitate charoninsulfuric acid with a relatively low 
sulfur content may be extracted by concentrated CaCl 
solution. 

3) Precipitation by KOH: Charoninsulfuric acid with 
high sulfur content can be precipitated by KOH at the 
concentration of ca 0.5 N. 

4) Precipitation by Benzidine: The benzidine salt of 
charoninsulfuric acid with high sulfur content is also 
difficultly (less difficultly than trypaflavine salt) soluble. 
Charoninsulfuric acid may be extracted from the pre- 
cipitate by NaOH solution. 

5) Precipitation by Ethanol: Charoninsulfuric acid is 
precipitated with an equal volume of ethanol from 
aqueous solutions. 


Combining these methods of fractionation, vari- 
ous charoninsulfuric acids with different sulfur 
contents were obtained. Typical methods of 
preparation are shown in Table I. The properties 
of charoninsulfuric acids with different sulfur 
contents are summarized in Table II. 


TABLE II 
PROPERTIES OF CHARONINSULFURIC ACIDS 


Charonin- S content Salting 


sulfuric out by 
acids % KCl 
F, 1~ 2 - 
F, 2~ 5 + 
F; 10~18 + 


fraction pattern identical to that of céllulose. 
From this and other qualitative results, they 
concluded that charoninsulfuric acid is a 
cellulose sulfate or sulfuric ester of a glucan 
quite similar to cellulose. 

In 1954 we repeated this investigation in 
order to ascertain the conclusion of Soda by 
chemical and enzymatic methods. It is the 
purpose of the present paper to describe 
our experiments and results. 


Experimental* 


I. Preparation and General Properties 
Material.—The mucus of Charonia lampas was 
defatted and dried by hot alcohol and acetone: 
N, 5~10% ; ethereal sulfate S, 6~7%. The mucus 
may be regarded as a mucoprotein. 
Extraction.—Charoninsulfuric acid can be ex- 
tracted from the dried mucus by concentrated 
mineral salt solution or diluted mineral acid. 
Methods of Separation.—As will be shown 
later, charoninsulfuric acid is not a definite 
chemical individual, but a mixture of glucan 
sulfates with different sulfur contents and dif- 


2) T. Soda and H. Terayama, J. Chem. Soc. Japan, 
69, 65 (1948). 

* A part of the experiments was executed in the 
Marine Biological Laboratory of Nagoya University. 


Precipi- 
tation by 


I,-KI 
reaction 


Precipi- 
tation by 


KOH trypaflavine 


- - red 
= + _— 
+ + - 


The possibility that while charoninsulfuric acid 
itself is a substance with definite sulfur content, 
the preparations thus obtained are mixtures of 
charoninsulfuric acid and glycogen (or similarly 
nonsulfated glucans) need not be considered be- 
cause of the following facts: 

1) Charoninsulfuric acid with low sulfur content (2~5%) 
is precipitated by trypaflavine, and from the precipitate 
charoninsulfuric acid is extracted by CaCl solution. 
Calcium charoninsulfate is obtained by alcohol precipi- 
tation. Even by repetition of this process, we could not 
separate any nonsulfated glucans and obtained the same 
charoninsulfate with a low sulfur content. 

2) By Grassman’s continuous electrophoresis on paper®), 
we could confirm the fact that glycogen moves towards 
the cathode (probably owing to the electroendosmose) 
and charoninsulfuric acids towards the anode. The 
latter, when mixed with the former, can be separated 
easily by the apparatus. 

Thus we have been led to the conclusion that 
there are various charoninsulfuric acids with 
different sulfur contents. Sodium charoninsulfate 
with the highest sulfur content obtained so far 
contained 20.3% ethereal sulfate sulfur. 

II. Investigation on the Chemical Nature 

of the Glycan. 

Desulfation. —Charoninsulfuric acid with a 
high sulfur content (more than 5%) can be de- 
sulfated by heating it in methanol-HCl (1~1.5%) 
for several hours. The desulfated product was 
named ‘‘charonin’’. It is dissolved in Schweit- 


3) W. Grassman and K. Hanning, Z. Physiol. Chem., 
292, 32 (1953). 
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zer’s reagent. When the solution was neutralized 
with acetic acid, a part of the charonin was 
precipitated. From the supernatant a further 
amount of precipitate was produced by adding 
methanol. The former was washed with diluted 
HCl, methanol and ether, and the white powder 
thus obtained was provisionally named Fraction 
A. The latter was purified by repeated re- 
precipitation and named Fraction B. So far the 
analysis for various charoninsulfuric acids with 
different sulfur contents showed that the less 
the sulfur content was the less the proportion of 
Fraction A to Fraction B (vide infra); fraction F; 
with the lowest sulfur content may be regarded 
as Fraction B itself. The properties of charonin, 
Fraction A, and Fraction B are summerized in 


preparation used for- X-ray investigation by Soda 
and Terayama corresponds to this fraction. 

It was confirmed by paper chromatography 
that sulfuric acid hydrolysis of this fraction 
resulted in the exclusive production of D-glucose: 

Solvents, s-BuOH: AcOH: HgO (4: 1: 2), m-BuOH: Ether: 
HeO: Ammonia (40: 10:49:1), #-BuOH: Pyri- 
dine: HgO (6: 4:3) 

Aniline hydrogen phthalate was used to locate the sugar. 

Octaacetylcellobiose (m.p. 220°C) was obtained 
by acetolysis of Fraction A. No melting point 
depression occured when mixed with octaacetyl- 
cellobiose prepared from filter paper. Moreover 
as shown in Table IV, it was hydrolysed by 
Irpex-cellulase prepared by the method of Nisi- 
zawa5), but not at all by crystalline a-amylase 
(Taka-amylase) prepared by the method of Aka- 


De 


STOOssgrpages aro 
GRsFsPgorsesa SEST 


Table III. It is remarkable that Fraction B bori® and sweet potato f-amylase prepared by 





TABLE III 

PROPERTIES OF CHARONIN, FRACTIONS A AND B 

I--KI I,-KI-H2SO, ZnCl--Iz Reducing 
Substances reaction reaction reaction power* 
Charonin negative yellow yellow 0.00 
Fraction A negative blue blue 0.02 
Fraction B red red red 0.03 
Cellulose negative blue blue 
Amylose blue blue blue 
Starch purple purple purple 


* The value represents mg. glucose which corresponds to the reducing power per mg. of 


the substance (Somogyi’s method (4)). 


gives a red color with iodine solution. Because 
Fraction A does not inhibit the color reaction of 
Fraction B, it seems that charonin is probably 
not a simple mixture, but a compound of Frac- 
tion A and Fraction B, which are combined with 
a rather weak bond and decomposed by the 
action of Schweitzer’s reagent. The weak re- 
ducing power of Fraction A and B may be 
attributed to the hydrolysis by Schweitzer’s 
reagent. 

Constitution of Fraction A.—The desulfated 


TABLE IV 
HYDROLYSIS BY IRPEX-CELLULASE 
Increase of 


Substrate — reducing 
Substrate concent- (ene power* per 
ration. % eg mg. of 
: substrate 
Charonin 0.50 72 0.19 
Fraction A 0.50 72 0.33 
Fraction B 0.50 72 0.04 
Cellobiose 0.12 137 0.00 
Soluble starch 0.25 66 0.00 
Laminarin 0. 30 66 0.00 
Hydrocellulose 0.50 24 0.18 
Carboxymethyl- 
cellulose 0.25 24 0. 45 
Conditions: 0.1 M acetate buffer, pH 4.0, 
temp. 30°C. 


* The reducing power was calculated as 
mg. cellobiose (Somogyi’s method). 


the method of Balls. In the reaction mixture 
after hydrolysis by Irpex-cellulase, glucose and 
cellobiose were detected by paper chromatography. 
Cellobiosazone (m.p. 210°C) was obtained after 
fermenting out the glucose by yeast (Rasse XII). 
It should be noted here that this Fraction A 
gives, similar to cellulose, a blue color reaction 
with I,-KI-H2SO, reagent. 

Notwithstanding these findings confirming the 
existence of cellulose structure in Fraction A, 
several properties of the fraction are not con- 
sistent with a cellulose structure. For example, 
as shown in Table V, the periodate consumption 


TABLE V 
PERIODATE CONSUMPTION BY FRACTIONS A 
AND B 
Pebetence Seetaee, “bis cient. 
Fraction A 120 0.65 
Fraction B 68 0. 93 
Cellulose 93 1.08 


was lower than expected from a cellulose struc- 
ture. 


4) M. Somogyi, J. Biol. Chem., 160, 61 (1945). 

5) K. Nisizawa and T. Kobayasi, J. Agr. Chem. 
Soc. Japan, 27, 239 (1953): K. Nisizawa, T. Kobayasi 
and N. Ichikawa, Symposta on Enzyme Chem., 10, 7 
(1954). 

6) S. Akabori, B. Hagihara and T. Ikenaka, Proc. 
Japan Acad., 27, 350 (1951). ; 

7) A.K. Balls, R.R. Thompson and M.K. Walden, /. 
Biol. Chem., 173, 9 (1948). 
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So the constitution of Fraction A cannot yet 
be established completely and it must be further 
studied. However we may be able to conclude 
that the main part of Fraction A has a cellulose 
structure, i.e. B-1, 4’-glucan constitution. 

Constitution of Fraction B.—Fraction B, which 
is soluble in water and gives a red iodine reaction, 
was also found to be composed entirely of glucose 
(by reducing power measurement and by paper 
chromatography after sulfuric acid hydrolysis). 
As previously shown in Table IV, this fraction 
was also, although far less easily than Fraction A, 
hydrolysed by Irpex-cellulase to give glucose and 
cellobiose. The most remarkable characteristic 
of this fraction is the fact that it was hydrolysed 
by a-and f-amylases (Table VI). In the reaction 


TABLE VI 
ACTIONS OF a-AND f-AMYLASES 
Increase of reducing power* 


Substrate per mg. substrate 
a-Amylase B-Amylase 
Charonin 0.02 0.00 
Fraction A 0.00 0.00 
Fraction B 0.36 0.09 
Glycogen 0. 32 0.09 


Conditions: Substrate conc. 0.13%, M/30 
acetate buffer, pH 5.6 (a—), 4.7 (6—), incuba- 
tion time 18 hrs., temp. 37°C; reaction mix- 
tures contained 0.055% NaCl in the case of 
a-amylase. 

* The reducing power was calculated as 
mg. maltose (Somogyi’s method). 


mixture after hydrolysis by both amylases, maltose 
and relatively small amounts of glucose were 
detected by paper chromatography. Because this 
fraction consumed periodate as expected from 
an 1,4’-glucoside glucan structure (Table V), it 
seems to contain amylose structure. From these 
results, Fraction B may be regarded as containing 
both a-1, 4’- and £-1, 4’-glucoside bonds. 

III. Discussion on the Constitution of 

Charoninsulfuric Acid 

From the foregoing results, it is quite certain 
that charoninsulfuric acid is a mixture of glucan 
polysulfates with different sulfur contents. The 
nature of the glucan seems to be very complex. 
A part of it has a cellulose structure and the 
other part an amylose structure; however the 
nature of the linkage combining the two parts 
are as yet unknown. At any rate, it is de- 


TABLE VII 
THE YIELDS OF FRACTIONS A AND B FROM 
VARIOUS CHARONINSULFURIC ACIDS WITH 
DIFFERENT SULFUR CONTENTS 


. * : * 
Material * —T sosctien A Fraction B 
F; 10.0 214 43 
9.2 200 50 
F, 4.0 12 270 
F, 1.1 0 390 


* The values represent mg. each fractions 
obtained from 1 g. of charoninsulfulic acids. 
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composed by Schweitzer’s reagent after desulfa- 
tion into two parts, i.e. Fraction A, insoluble in 
water, composed mainly of cellulose structure, 
and Fraction B, soluble in water, composed mainly 
of amylose structure. So far as we have analysed 
various charoninsulfuric acids, we have found 
that a parallelism exists between the sulfur 
content and the cellulose structure (Table VII). 
It seems that biological sulfation may be preceded 
or accompanied by biological transformation of 
amylose to cellulose. 

The question might arise, whether a Walden 
inversion may take place during the desulfation 
process of charoninsulfuric acids. However, 
because the preparation F, with only one to two 
% of sulfur gave only glucose after direct hydro- 
lysis by sulfuric acid, it is quite reasonable 
to assume that glucose must exist as such in 
charoninsulfuric acid. 


Summary 


We have obtained charoninsulfuric acid 
free from glycogen (or similar glucans) and 
confirmed that it is a mixture of glucan 
polysulfates with different sulfur contents. 
The desulfated product (charonin) was de- 
composed by Schweitzer’s reagent into two 
parts, Fractions A and B. From Fraction A, 
which is insoluble in water and gives a blue 
color reaction with [2-KI-H,SO,, glucose 
(after hydrolysis by sulfuric acid), cellobiose 
(after hydrolysis by Irpex-cellulase) and 
octaacetylcellobiose (after acetolysis) were 
obtained. From Fraction B, which is soluble 
in water and gives a red iodine reaction, 
glucose, cellobiose and maltose (after hydro- 
lysis by amylases) were obtained. This 
fraction consumed periodate as expected 
from 1,4’-glucoside glucan. From these re- 
sults, this glucan (charonin) may be regarded 
as having both cellulose and amylose 
structure. Moreover it was found by analysis 
of various charoninsulfuric acids that a close 
relation existed between the sulfur content 
of charoninsulfuric acid and the constitution 
of glucan, ie. the less the sulfur content 
was, the less was the cellulose structure. 
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The Solvent Effect on Fluorescence Spectrum. 
Change of Solute-Solvent Interaction during 
the Lifetime of Excited Solute Molecule 


By Noboru MartaGa, Yozo Kairu and 


Masao Koizumi 
(Received October 4, 1955) 


The solvent effect on absorption spectrum 
is determined by the equilibrium ground state 
and the Franck-Condon excited state, while 
that of fluorescence spectrum depends upon 
the equilibrium excited state and the Franck- 
Condon ground state”. Therefore, the 
spectral shift of fluorescence due to the 
solvent effect may differ in general from that 
of absorption, and it is expected that from 
the investigation of this difference some in- 
formations may be derived concerning the 
excited electronic structure. But the theo- 
retical treatment of the solvent effect of 
fluorescence spectrum seems not to have 
been undertaken so far. Now it was found 
that a reasonable formula for the difference 
of the spectral shifts between absorption and 
fluorescence conld be derived: by applying 
Ooshika’s theory” concerning the light ab- 
sorption in solution to the case of fluo- 
rescence. The formula obtained is as follows. 





oe os ~J 20D—1) __ 2(n?—1) \ (ue— py)” 
eennid 4oe)~{ 2D+1  2n?+1 } a 
(2) 
This equation represents the effect of orien- 
tation polarization, and it is noteworthy that, 
if it really holds, it enables us to estimate 
the dipolemoment of the excited molecule. 
In order to test the applicability of the 
equation, we have measured the _ spectral 
shifts of a@- and #-naphthols and #-naphthyl 
methyl ether in various solvents. It must 
be noted that, in the case of a- and #-na- 
phthols, the hydrogen bond is formed between 
the solute and solvent molecules in most 
cases. Hence a short range interaction due 
to hydrogen bonding must be taken into ac- 
count in addition to a long range dipole in- 
teraction. But the contribution of the former 
to (4da;—4oa) is negligibly small as was 
already confirmed by the measurément in 
mixed solvent*. 
The results obtained conform fairly well 
to with the Eq. (2) in all cases. If one as- 
sumes a~3 A for f#-naphthyl methyl ether, 


the value of 4e—py is calculated to be ~0.5 
D, from the inclination of a straight plot. 
This enlargement of dipolemoment in the 
excited state may plausibly be due to the in- 
crease of electron migration in the excited 
state, because the value agrees fairly well 


he do, — doa) —{4AD=1) _ AP —1) \(pe— ty? { AD=V) ESS {wle!po\ my? 


2D+1 2n?+1 a 


2D+1 a ex=m Ee—Em 
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m9 Eg—Em m9 Eg—Em mre Ec— Em mee Ee— Em 
a — => — 
253 {Hol Ho MH Mel Z| po my) (1) 
m>=g Eg—Em 


4c, 40,; Wave number shifts of fluorescence and absorption spectra. 


D, n; Dielectric constant and refractive index of the solvent. 


> 


Per Bg: Dipolemoments in the excited and ground states. 


a: Radius of the cavity in Onsager’s Theory). 


&m: Electronic energy of the solute molecule in ui state. 


> 
#9: Dipole operator. 


The second term of Eq. (1) is relatively small 
in its order of magnitude compared with the 
first term, and can be neglected in the first 
approximation : 


with the one theoretically calculated by Baba” 

for phenol on the analogous assumption. 
Quite recently, Lippert*® has made the 

treatment similar to ours regarding the 


aA 


aA 


i 


@ £- naphthol 





05 06 07 
[. 2(D-1) _ 28) | 
2D+1 2n2+-1 


2(D—1) _ we? |: 
2D+1 = 2m? +1 I 
relation for naphthols and #-naphthyl 
methyl ether. 

Solvents 

a, benzene; b, toluene; c, butyl acetate; 

d, ethyl acetate; e, methyl acetate; 

f, butanol; g, ethanal; h, methanol. 


Fig. 1. (407— 4oa)~| 


spectral shifts of 4-dimethylamino-4’-nitro- 
stilbene and 4’-cyanostilbene, etc., and es- 
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timated the dipolemoments of these molecules 
in the excited state. 

But the application of Onsager’s theory to 
such long molecules would be too rough to 
except the satisfactory agreement between 
theory and experiment. Really, this agree- 
ment is much better in our case. The ap- 
proximate nature of the theory, however, 
still does not allow the exact quantitative 
discussion of the problem, and a more refined 
theory should be needed. Full details of data 
and discussions will soon be published. 


Institute of Polytechnics, Osaka City 
University, Osaka 


1) See for example: N. S. Bayliss and E. G. McRae J. 
Phys. Chem., 58, 1002 (1954). 

2) Y. Ooshika, Rep. Kobayashi Inst. Phys. Research, 
2, 99 (1952), ibid., 3, 54 (1953); J. Phys. Soc. Japan, 
9, 594 (1954). 

3) L. Onsager, J Am. Chem. Soc., 58, 1486 (1936). 

4) N. Mataga, Y. Kaifu, and M. Koizumi, (to be 
published in this Bull.) 

5) H. Baba, Monograph Ser. Research Inst. Applied 
Electrocity, Hokkaido, No. 4 61 (1954). 

6) E. Lippert. Z. Natur forsch., 10a, 541 (1955). 

* After we had finished the present work, Dr. Lippeit, 
informed us of this work by a private communication 
which was kindly given to Mataga. 
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Additions and Corrections 
Volume 27, 1954 







K. Yamamoto und M. Oku: Uber die Herstellung von Styrol und Benzol aus Acetylen. 
Page 385. In Fig. 1, the figure should be turned upside down. 
Y. Kobayashi and S. Okajima: Dichroic Study on Polyvinylalcohol Fibre. IV. 
Page 470. In Equations (4) and (5), for ‘“‘ Jo” read “‘ Jo’’. 
S. Okajima, Y. Kobayashi and T. Kikuchi: Some Optical Properties of Cellulose Hydrate. 
Page 471. In col. 2, inithe equation, for ‘* fp=((ku—ki)kut+2kL)-C-T/lx” read 
* fo=(ku—ki) Akut+2kL)-C-T/lo”’. 
Pages 472-3. Put following symbols into the figures. 













Fig. 1 2 3 5 6 
ordinate I-10 fo r-10° I-10 rT -10' 
abscissa v v fo v fo 






Page 473. In Fig. 4, for *‘ Ruffer connection’’ read ‘‘ Rubber connection ’”’. 

In Fig. 6, the three groups of lines are denoted as Exp. IV, V and Vlia, VIb from left to 
right respectively. 

Page 474. The formulae should be 









SO;Na 
ae “VN 
, sana —\ 
(yy ; NK KN : ae 
oe NHe 
$O;Na 






K. Yamamoto und M. Oku: Zur Kenntnis iiber die Hochdrucksynthese von Acrylester. IV.. 
Page 506. Add the following data to the seventh column in Table I. 










Bu-Acrylat 
Nr. (g) (% an BuOH) 
13 35 40.5 
14 -- _ 
15 48 55.5 
16 34 39.0 


Page 508. In Fig. 5, for ‘‘ E[(CsHs)sP]eNi(OOCH2CI,Cl)22C,HoBr ”’ 
read ‘‘ E[(CsH;)3P]z2Ni(OOCCH2C1),2C,HoBr ”’. 

and for ‘* F{(CsHs)3P]z,Ni(OOCH,Cl)22C,HoBr ”’ 

read ‘‘ F[(CgHs)3PNi(OOCCHe2Cl)2CyHoBr ”’. 
In col. 1, the last line (Von diesen Resultaten werden die folgenden) should be transferred! 
between Fig. 5 and line 4 in col. 2 (wichtigen Schlussfolgerungen erzielt). 












Additions and Corrections 
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Y. Uzumasa and M. Nishimura: Ultraviolet Spectrophotometric Determination of Iron with: 
Ethylenediaminetetraacetic Acid. 

Page 88. In Fig. 1, for “II: 5.0x10-*m”’ read “II: 5.0x10°m”’. 

In col. 2, the first line, for ‘‘EDTA’’ read ‘‘EDTA.”’. 

Y. Sasaki: Separation of Sixth B Group Elements (S, Se, Te, Po) with Anion Exchange 
Resins. 

Page 89. In Fig. 1, the ordinate on the left hand side, for ‘‘ mo./cc.’ 
figure, for ‘‘3N HCI” read ‘‘2N HCl”’. i 

Y. Kawase, T. Matsumoto and K. Fukui: Synthetic Studies on the Benzofuran Derivatives.. 
Part I. 









read ‘‘ mg./cc.’’, in the 
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Page 274. Formulae (V) should read 


VA 


wIS 


\4ANC 73 OR 


b 


K. Takei: Study of Reversible Photo-Chemical Reactions. III. 
Page 407. Exchange the Photograph No. 2 for No. 3. 
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